WhyoJ 


- Publication No. 31 





Z 


8 and 


ILLINOIS DEPT, of PUBLIC HEALTH 














FEDERAL SECURITY AGENCY 
1950 


WET I 


22900363033 


Med 
K24644 


CONTRIBUTORS 


Environmental Studies 


L. E. Renes 

Senior Sanitary Engineer, USPHS 
Heel aeaulus 

Scientist (R), USPHS 
A. D. Hosey 

Sanitary FE-engineer (R), USPHS 
G. D. Clayton 

Senior Sanitary Engineer, USPHS 
H. H. Jones 

Junior Asst. San. Eng. (R), USPHS 
D. H. Byers 

Senior Scientist, USPHS 
C. D. Yaffe 

Senior Sanitary Engineer, USPHS 
E. D. Godbold 


Chief Engineer 
Illinois Dept. of Public Health 


R. W. Courtney 
Engineer 
Illinois Dept. of Public Health 


* Deceased. 


Medical Studies 


Harry Heimann 
Senior Surgeon, USPHS 


H. T. Castberg* 
Senior Surgeon, USPHS 


F. J. Walters 
Senior Dental Surgeon, USPHS 


W. D. David 
Surgeon (R), USPHS 


A. W. Meyn 
Physician 
Illinois Dept. of Public Health 


Statistical Analyses 


H. P. Brinton 
Senior Statistician, USPHS 


Margaret E. Hook 
Statistical Assistant, USPHS 





For sale by the Suverintendent of Documents, U.S. Government Printing Office, 
Washington 15, D. C. — Price, 75 cents. 


PUBLIC HEALTH SERVICE PUBLICATION No. 31 


HEALTH 
of 
FERROUS FOUNDRYMEN 


in Illinois 


By 
The Division of Industrial Hygiene 
U. S. Public Health Service 

and 
The Division of Industrial Hygiene 


illinois Department of Public Health 


1950 

¢ pee FEDERAL SECURITY AGENCY 

Public Health Service 
Washington, D. C. 


ae a, 
¢ 
* ~a), 
S Gay 0. | 
: oR 
a ay 
se 
4Auas 





| WELLCOME INSTITUTE 
LIBRARY 


Coll| welMOmec_ 









CONTENTS 


DRM Cy PU ee ea RP ig coon | 6 aio8) «! wf Sos aera Misher el gush eggs Woes 
MOKINOWLEDGMENTES 0.05. 6.6. oe ee ee a oe ae 
ABSTRACT—SUMMARY ............... 2.0... e eee eee 
BC RUPLI ye ie ie. hae Gate apace es weinws, of ahiacs 
Pre FOUNDRY INDUSTRY .... 2. 024.2 ele ieee 


Peseta or OPeCLaAtiONns oi. isos Ge od Fae We lo ee eA Ree 
MOIR CLASSICAL Ole ceca ss ool cena Pe he Ee Oo LR we doe ee 


Coremaking Department 4.3.0.0). se. eno os tw ot 
Molding -Departiment ws 246 Sa oe ew ld owes wae ene 
Casting Cleaning Department... 024%). 2.) So ees 
shakeout and Sand Conditioning . ..4.....5. 2.3 40 wes 
Maimtenanhce and, Supervisory <2. 60s e5 yen ieee oo 
Miscellamneous-Waborers: 45. 5... 6 ee ck aa ta eae 8s 


ENVIRONMENTAL STUDIES ............0. 0. eee eee eee 


Collection and Analysis.of Samples .....52 6 sine. oO od. 
PETG EE ROCCUUECS © ates, ous conn 'S shoes BOLE eee Ae 
BP ADOLALOR VN POCCOUROCS. ois as 05 oars be Bie Ren le Swe Bee 


Particle-size Fractionation... 6... cdc wate ee ne ww es 
ROS TC Ate et S.A tem ce enero rae eh fh) a Ga geet pe ale ee 


feesults:of Environmental Studies 2... 6. 6 oi ee ce ee ee a es 
Atmospheric Contaminants—Dust .................0005 
CHaTACTODISHCS. she hi he ce ee a Ie oa ee 


Free silica in air-borne Gust 2.0... os seis bee eo 8 
Pree silica in-settled Gust 0.5 e520 foie bie es 
1 CTU Oa gs Ich rea eerste ahah VRPT tara ae leah iit 
TEC AGH oases ee ah aa Se I ae HT ee Reo oa eons 
Relation of particle size to weight .............. 
Particle-size distribution 2.6.0.5 ns i oh 


Atmospheric Contaminants—Gases ................0055 
iyiitamt: Gases 5.8.56 2b aint hd laos & te Dales 


Discussion of Atmospheric Contaminants ............... 
Factors Influencing Foundry Environment .......... 
ACUVity and Space B25 BoE ee OOS BR wo a 

Location and scheduling of operations ......... 

Size of castings and tonnage ................. 

Degree of mechanization ....% . 4 ois cnn Oe ae 


Ventilation @ oes sie iste: ceene oo pene eee ae 43 
Housekeeping and supervision ......--++++++-+: 43 
RecommenGations tremens net te ee ee 44 

NO18C oo seein hoe ae eee taper een oto So ee ee ee ea 44 
Methods of Meastirement = ee er ee eee 45 

Findings i: 2 teres te es ge ee eee 45 
Coremakine department, 7c). yee ene 45 

Molding department. =~... ieee ee 45 

Cleaning; department 2.0. aie eete ee ee ete 47 
Recommendations. cu. eee os ae ee tae ene ae ee 48 
Tituminationy eho ce ec eesti Oe cunts ee a ene 48 
Finditigs) geri eh ke eee he ig eed eke ee ee 48 
Recommendations v.02 en oe esas ree cee hl ee ne 51 
Cantitation HAaciliticSascs 2s siete eet eee noe ene ee te eee 51 
WateruSupply cree ee ene ee nee sil 
Drinking Water Paciities. fs. ue ete eee oe! 

Washing Bactlittes: v.08) 4-cce i ee eee ee 52 

Toilet: Pacilities:. (2 Te Se 6 eee 52 

Wiaste .Disposal =e sec) te cocina oe ge 53 
Housekeeping? 252.2 henselae oe te 55 
SUMMALY) hss aden cool tole eed io) Sheed iene ah 53 
Summary of Environmental Studies ...........-.-+++-++-+-+-: DS 
MEDICAL-STUDIESS 5s. ee ee te s 3 atdiele 2 Pe 55 
Reviewrot thesluiteratureni 5 fete eae eee ee eee ah) 
WethodstoteStucly acs oe sree lene ene eamenr fo atone eae 59 
Personnel and Facilities. at 6 ne net see eas ee een 59 
TheslVledicaimeeXaminaltiOne.cs 1c. te eee = eee eee eet 60 
RecitlisroreWlediCal StUldies aac tbs snstene ete kee eke a a ee 65 
Characteristics of Examined Workers ...........+.....-: 65 
Birthplace a 2-20) ae ee Se he oe 65 

RaACe el ec RO Ree as, aL cette i eee 65 

A em ee err geese aetse ee Fen me OE Ca <a Ne es op ok ee are 65 

NS gy aed eM Se eas rs roa ct tan SE at Oe 66 
MaritaleStatusy ate ade aertees eee ten eke yore 66 
Personal <Habitsitvos. 2 sce) ous See ele eee ers eee 66 
Hoursiof s Wor ketene kere Pes ee eset eee 67 

Years insPoundry, Work? ie pose ete ee eee 67 
OCCUPATIOTINGS Bytes te fe i keke aera ete cee 68 
MedicalsFindingss accor sored ee ep ee ee 69 
Previous lliness> 22-2. heated ek reese ee 69 
PresenteSymiptomisi a.reet some aie niet ieee ee 69 

Weight Deviation: = ea) . eer oie er ee 1 

Eve sHinidingSsee 0 oA. 6 Waele putea ee ree 73 


VI 


ENG SC rae ee Sea ate igang 5. ey ie aes RUN ame a we aoe a otaica. w Qua tea ty 74 
"SETI ELON 6 Dah Foe te Ba, ul Rs NT ra Pie ee Pe 74 
SS cine rennet ee ae Sgthne or ONCE Chea ae seats ON Mle creak’ 713 
VormbrramenvViusete: Pains’ = o0. 6 F.5Nuitew we oe he 8 Stlaersse's ie) 
Candiovascular-renal Disease ..3 2 oe eid ne bee bs fies) 
1 BEE CVEU ISN DICE at oe a sO oie a a a lo 78 
iba aD ACtO Mn ite wc Casha a esd Coase, hese a aha este dopeeaee 83 
Chest Roentsenograms 65 00 ae ee ee i ee 84 
Pulmonary tuberculosis 24.35. iA se oie ees ae 85 
PwWlimOnan ve MOrOSis 1) 6 scutes one eed oa tester ees eee 96 
Correlation of Pulmonary Fibrosis With Other Data... 101 
Previous OCCUPATION: osc. 5 50 ote eio ce ea elerele bes 101 
Piineppalvoccupations. .ot.-.35.6 4 ea es Soe eas Be 102 
History of familial-tuberculosis. 0 ee ae 104 

Other disease entities of respiratory and cardio- 
VASCUIAL SV SECHISC 7. 5 a2 8 eh eRe ee ee ae 105 
Certain symptoms, pulse rate, and weight deviations 105 
Frequency ©: common cold sow i ees 105 
BIG OEE Minin Gisrccs secs, i sor lome o oaaate eis esas Aone alt 106 
Walla CAA CH yy strains siete ors e aiaseeh agrees ee ide sos oe ay 108 
MObaACCOrSMOlming ae oso Ser ee ea ee 109 
Wiarton Sai. bi. Aeon m Soe ee Soest Som ts eee Ee eS 109 
1 ESET CAY be Ste ig ey aa coe ita Per ee PC IR One Ate aR ap 110 
Selected Abnormalities of Oral Cavity .............. is 
Je USER GCOS ac ae RSG UOTE DEA ay a nr core 115 
Gathicike reat (i585 ete les a pices tice oh wee ae 119 
Sumeiiaryeor. Medical Studies + -2..-. 4. 656 bie oe wl nae oe dees 120 
7 SESE SEN GS, SES RR irr SO ei cg eee lo RP aa a 123 


Vil 


Digitized by the Internet Archive 
In 2021 with funding from 
Wellcome Library 


https://archive.org/details/b32177495 | 


FOREWORD 


In the past 30 years, great strides have been made in the control 
ot silicosis, but despite these advances on a broad base, there continue 
individual instances in which the disease still endangers the health 
and life of workers. Mounting evidence has pointed to the foundry 
industry as a remaining source of exposure to silica dust, but at the 
same time it has been felt by some that the cases still coming to light 
in this industry are the result of preexisting rather than present 1m- 
proved conditions. In order to determine the actual facts, an inves- 
tigation was conducted by the Public Health Service in cooperation 
with the State Department of Public Health in Illinots. It is hoped 
that the correlated findings of the medical-engineering teams presented 
in this report may help to clarify this question and aid further in the 
prevention and control of a serious hazard. 


J. G. Townsend, Medical Director 
CHIEF, DIVISION OF INDUSTRIAL HYGIENE 
U. S. PUBLIC HEALTH SERVICE 


K. M. Morse 
CHIEF, DIVISION OF INDUSTRIAL HYGIENE 
ILLINOIS DEPARTMENT OF PUBLIC HYGIENE 
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ABSTRACT—SUMMARY 


This report presents the clinical and environmental findings of a 
cooperative investigation into the exposures of ferrous foundry workers 
to silicosis and other hazards. Extending over a 1-year period, the 
study was conducted in Illinois by the Public Health Service in 
ccoperation with the State Department of Public Health. 


Prior to this study, a preliminary survey had been made of iron 
and steel foundries in the State. Of a total of 185 foundries surveyed, 
18, which were considered as representative of the industry in Illinois, 
were selected for this study. 


Environmental investigations were made in 18 ferrous foundries, in 
which approximately 1,100 samples of air-borne dust were collected 
and studied. It was found that 90 percent or more of the air-borne 
dust in all foundry environments were three microns or less in size. 
The amount of free silica in the air-borne dust varied with the opera- 
tion and ranged from 13 percent at coremaking to 29 percent in 
pouring, shakeout and sand conditioning. On the other hand, the free 
silica content in the settled dust was found to average 30 percent 
throughout the foundries. The air-borne dust less than 5 microns in 
size was found to have a lower percentage of free silica than the larger 
size fraction. 


The percentage of iron in the air-borne dust was found to range 
from 3 to 9 percent for all operations except casting cleaning, for 
which the proportion varied from 30 to 38 percent. 


Operational dust levels at various foundry activities in general were 
found to be much lower than those reported in earlier investigations. 
Mean dust levels at molding, pouring and coremaking operations were 
found to be under 3 million particles per cubic foot of air. Sand- 
slinger molding showed a mean dust level of about 19 million particles 
per cubic foot. Mechanical shakeout operations showed mean dust 
levels ranging from 10 to 75 mppcf; whereas manual shakeout and 
sand conditioning produced mean dust levels under 7 mppcf. Cleaning 
room operations showed mean dust levels under 7 mppcf except at 
portable grinding and chipping, which had a mean dust level of about 
15 mppcf. Other miscellaneous operations showed dust levels under 
4 mppcf with the exception of chipping-out cupolas and sand unload- 
ing. The high dust exposures at the last two activities were inter- 
mittent and of relatively short duration. 


Concentrations of aldehydes were of a low order of magnitude. Car- 
bon monoxide concentrations were relatively low in most instances, 
but high levels occurred for short periods at pouring operations during 
the winter months. 


In general, the foundries studied were clean; housekeeping was ade- 
quate; and dust suppression measures were employed. Many of the 
foundry buildings were well constructed according to modern archi- 
tectural designs which permitted adequate natural ventilation and 
natural illumination. Although the majority of the foundries were not 
completely mechanized, modern production techniques were usually 
employed. 


Many of the foundries did not utilize the latest methods of artificial 
illumination. The foundries studied gave little consideration to the 
reduction of noise. 


In general, sanitation facilities provided for employees were ade- 
quate and maintained in a satisfactory condition. Some improvements 
were needed in a few plants. . 


Medical examinations were made of 1,937 males employed in 16 
ferrous foundries. From the standpoint of socio-economic status and 
exposures to hazardous materials in the occupation, these men are 
believed to comprise an adequate cross-section of ferrous foundry 
workers in the area studied. 


As might be expected, the most significant clinical findings dealt 
with those of the respiratory system. Pulmonary fibrosis of occupa- 
tional origin was found in 9.2 percent of the men; in 7.7 percent it 
was ground glass two stage and in 1.5 percent, nodular. The fibrosis 
was of about equal frequency in steel and gray iron workers. Among 
the gray iron foundrymen, the molders showed the highest incidence 
of nodular fibrosis; whereas, among the steel workers, those performing 
cleaning and finishing operations had the highest rate. It generally 
required at least 14 years of exposure to produce nodular silicosis in 
foundry work. The blood studies indicated that pulmonary fibrosis 
was associated with increased erythrocyte sedimentation rate and 
elevated total leucocyte counts. Significantly elevated blood pressure 
levels were found to be related to increasing degrees of pulmonary 
fibrosis. 


Reinfection type of tuberculosis was found in 0.7 percent of white 
workers and in 1.7 percent of the Negroes, orders of magnitude similar 
to those of other studies of adults of both sexes made in the general 
population in the same area. 


The limited examinations made of the eyes revealed no abnor- 
malities which could be ascribed to the occupation. Skin disease, prob- 
ably of occupational origin, was found in 1.7 percent of the men. 
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The oral structures were modified in the occupation only to the 
extent that there was attrition of the tooth surfaces. This was attrib- 
uted to the dusty nature of the occupation. 


The correlation of the clinical and environmental findings reveals 
that there is reason to believe that dust conditions in the foundries 
studied have improved in the past 10 to 20 years. Thus, it is likely 
that in many instances the pulmonary fibrosis observed was due in 
great part to higher dust concentrations which probably existed 10, 
15 or more years previously in the foundries. The conditions noted, 
however, generally leave room for improvement in the control of silica 
and other hazards. Based on our observations during the study, the 
following recommendations are presented: 


Exhaust systems and dust collection equipment should be given 
proper maintenance. When buildings are to be remodeled or new ones 
built, consideration should be given to the location of various opera- 
tions in order to minimize the number of workers affected by the high 
dust producing operations. Very dusty operations should be scheduled 
when few workers are present. Local exhaust ventilation should be 
employed when mechanical shakeout equipment is used. Exhaust 
ventilation should be employed with portable grinding. Adequate ven- 
tilation should be provided to prevent excessive concentrations of 
carbon monoxide during pouring operations and around furnace charg- 
ing. Particularly noisy machines should be isolated whenever possible, 
or appropriate acoustical treatment should be employed where they 
are located. Modern lighting techniques should be employed to 
improve artificial illumination. 
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INTRODUCTION 


Studies of the health of ferrous foundry workers have been made 
during the past two decades in many parts of the world. In most 
reports of such studies the dust hazard reasonably received major 
consideration. However, in spite of these many investigations, with 
resultant recommendations, the dust hazard still appears to be a real 
one. This was especially brought to our attention by health officials of 
three Midwestern States. 


These officials pointed out that in their respective jurisdictions 
claims for silicosis among workers in the ferrous foundry industry were 
continuing in spite of apparent improvement of environmental con- 
ditions. They, therefore, requested that the Public Health Service 
engage in an investigation of the matter. Following preliminary con- 
ferences with these officials, and others concerned, it was agreed that 
the Public Health Service, with the cooperation of the States, would 
make a study of the health status of the workers in the industry, and 
that special emphasis would be placed on certain of the diseases which 
might be related to the occupation. It was further agreed that the 
study would be made in the State of Illinois together with the Depart- 
ment of Public Health of that State. 


Eighteen foundries were studied environmentally; of these, 16 were 
studied medically. The selection of the plants for study was based on 
an effort to obtain examples of different types of ferrous foundries; 
that is, small and large, mechanized and nonmechanized, gray iron 
and steel, and patently dirty anc clean. 


Both medical and environmental data were collected during a period 
of approximately 12 months, beginning in April 1948. 





THE FOUNDRY INDUSTRY 


For the year 1947, the latest year for which pertinent information 
was available, there were 1,936 independent ferrous foundries in the 
United States, employing a total of 239,272 workers (1). Table 1 
shows their distribution by State. These foundries, together with all 
captive’ ferrous foundries, employed approximately 341,000 produc- 
tion workers. ! | 


Description of Operations 


The principal steps in the manufacture of iron or steel castings are 

as follows: Preparation of molding materials; making of molds and 

cores; making and pouring of hot metal; removal of castings from the 
-molds and removal of cores; and cleaning of castings. 


The preparation of molding materials consists essentially of condi- 
tioning the core and molding sands. Core sand is usually prepared in 
large batches in a rotary mixer by using fresh sand, free from clay, with 
certain ingredients which may include flour, a cereal binder, a pitch 
binder, and linseed oil. Molding sands consist of facing sand, which 
is used on the surface of the mold, and heap sand, which fills up the 
rest of the mold. Facing sand is prepared either by the fine screening 
of heap sand or by mixing definite proportions of old sand and fresh 
sand with various materials, such as sea coal, bentonite, and corn flour. 
Heap sand is recovered molding sand to which water, a certain amount 
of fresh sand, and sometimes a clay bond, are added. The wet sand 
ingredients may be mixed by hand, by moving harrows, or by large 
mechanical mixers. 


Cores are made by introducing sand into wooden or metal molds. 
Depending on the size and other requirements, cores may be made 
by bench, floor, or machine molding. Cores are baked usually in a gas- 
fired oven equipped with mechanical ventilation. After cooling, the 
core is scraped to remove loose, surface sand and is then ready for use 
in the preparation of the molds. 


Molding consists of embedding a wood or metal pattern in sand. 
When the pattern is withdrawn, it leaves a hollow space or mold in 
the shape of the casting desired. Molds for small castings may be 
made by bench or machine molding, while molds for large castings are 
usually made on the floor or in a pit. In the preparation of the molds, 


1A captive foundry makes castings for use by itself or its parent company in the fabrication of 
other finished or semifinished products, and is not engaged in the production of castings for sale. 
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Table 1—Number of independent ferrous foundry establishments and 
number of their production workers in the United States according 
to state, 1947 





Number of pro- 





State Number of {duction workers 
establishments | (average for 
the year) 
AWS: 1 acme eae ters Se MPR, Oe ee Ae DE oP 1,936 239,262 e 
Pennsylvania ene nts oa ek ee ee 222 30, 930 
Baile Sor ee = ary Sa ee Phe, Pie ere art 201 ayes 
WY Wel AVEC atic gh See Ges Dee OG ENR APNE O'S Ag) ed ae 149 42,802 
TEL UNOIS Se i a ee ee ee ee 143 23,021 
California S20 ee ae ee ne ee eae ee 131 8 ,002 
News York®) 2c 20) 3-22 eee ee oe eee 111 11,444 
Tide na See Sete es Oe ee os i ee ws 105 14,820 
WISCONSIN asain need ce beets See Sete eer eas Coens, 84 10 , 962 
Massa. chusettece ste est pe aaa ers 2 ae eee, Ob 78 4,024 
IN GWzJ Cree Vo sete eae ee ee ee a eee 69 Le DOD 
PA ayaa Ao eat ot = ogc tials gee eee oe es 60 12,884 
IVE TNESO Tae ee ere I cae eee ee 48 DEL 
LP OXSSIENE: utes o8 ee ee siete” Ns et seat hare eke Oe 43 2,485 
IM isSOULIY ates = Sy ties pe ol tee ere, ee eee 41 5,450 
North Car olingeree oe oe te or eae ee ee 35 1,104 
NET tata ee ae Ley ae Se ees eee er ee ee oo 2,057 
TOW Sat tcls os ee a a ee ek Lin ae ee, eee ae a 32 1,965 
MCNINCSSECASE toe: oa wre leeks 2 eae ee a eS a 31 401260 
CONNGCHCUU lie = 2 eRe E te te ee an ee eee 30 3,919 
Wid Si @ GOI see ee tee e | ER ee ee age ee oe. 1,079 
OPE GONE Re eee to Fae, ne a eee DAS: i aa 
(ROOT OTA 22 2 ib aie We a I eT ee Jee ee 23 785 
ColoradOst S32 cee e ee ee eee ar er eet 2h 1,068 
aS ase ieee 0 Ane Ses Re Sule eee Se OL err 20 984 
Pi otheree cus Nile 22 Vp r No age 2 eee yet ol 174 6,167 








*Includes all production workers for the United States. The sum of the State numbers below, 
however, is only 234,845. The difference of 4,427 represents the sum of unpublished State data 
distributed among the following States: Alabama, Arizona, Arkansas, California, Connecticut, 
Delaware, Florida, Idaho, Iowa, Louisiana, Massachusetts, Minnesota, Missouri, Montana, 
Nebraska, New Hampshire, New Jersey, New Mexico, New York, North Carolina, North Dakota, 
Oklahoma, Rhode Island, South Dakota, Texas, Utah, and West Virginia. 


Source: Reference 1. 


the molding sand may be handled either manually—by shoveling; or 
mechanically—by dumping from an overhead conveyor or by a sand- 
slinger machine which throws the sand into the mold. The small 
finished molds are usually carried to the pouring area by the molder, 
while large molds are poured in place. 


- The molten metal that is poured into the molds to form the casting 
is prepared in a furnace. The type of furnace used depends on the type 
of metal desired. For gray iron, a cupola is used; for malleable iron, 
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an air furnace; and for steel, an open-hearth or electric furnace. In 
the operation of the cupola, weighed amounts of pig iron, scrap iron, 
limestone, and coke are charged in alternate layers. The combustion of 
the coke, aided by a forced draft, melts the iron, which settles to the 
bottom. In the operation of the furnaces used for the preparation of 
malleable iron and steel, the raw materials are essentially the same 
as in the cupola; however, since the fuel is not mixed with the charge, 
the amount of impurities in the finished product is decreased. In addi- 
tion, special care is taken in the amounts of raw materials added, and 
the composition of the molten metal is more carefully controlled. 
When the heat is ready, the furnaces are tapped, and the molten metal 
is transported by ladles to the pouring area. Pouring into the molds 
is accomplished either mechanically or manually, depending on the 
size of the castings and the degree of mechanization of the plant. 


The flasks, which enclose the mold, are removed immediately after 
the molds have been poured, and five minutes to several hours later, 
depending upon their size, the hot castings are removed. Manual 
methods are normally used in dragging small castings from the sand, 
and in some plants the larger castings are also removed manually. 
Mechanical shakeout methods, consisting of vibrators, chain hoists, 
cranes, vibrator platforms and pneumatic hammers, may be used for 
large castings. Large cores, gaggers, rods, and the like are removed 
from the large castings by either manual or mechanical methods. 
Risers and sprues on small iron castings are removed by a hammer 
blow. In the case of large iron and all-steel castings this operation is 
accomplished by an oxy-acetylene torch. 


The castings are transported to the cleaning department where sand 
and excess metal are removed. Most of the sand is removed from the 
casting by two methods: tumbling and blast cleaning. Tumbling 
involves the repeated striking of castings against each other and 
against hardened iron stars in a rotating barrel. Abrasive blasting is 
accomplished by directing a stream of abrasive particles, such as sand, 
synthetic abrasive or chilled grit, or shot, against the casting at high 
velocity. The remainder of the sand and the excess metal may be 
removed by various operations, including stationary grinding, portable 
grinding, swing grinding, pneumatic chipping, and burning. 


JOB CLASSIFICATION 


Since the differences in the size and type of foundries (gray iron, 
malleable iron, or steel, and production or jobbing), in the degree of 
mechanization (manual or mechanical or a combination of both), and 
in the size of castings made for a diversity of operations, a job classi- 
fication of the workers must be generalized. All of the workers included 
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in this study of the foundry industry in Illinois were divided into six 
broad groups according to the location and nature of the work in- 
volved. These groups are: coremaking department, molding depart- 
ment, casting cleaning department, shakeout and sand conditioning, 
maintenance and supervisory, and miscellaneous laborers. In the fol- 
lowing pages the operations performed and the machines and materials 
used by each group are discussed by occupation. 


Coremaking Department 


The coremakers constitute the greatest number of individuals in 
this group. Their work consists of fashioning cores, using a hollow form 
(core box) and forcing into it a cohesive mixture of core sand. The 
work may be accomplished by manual (bench or floor coremaking) 
or by mechanical methods (machine coremaking). Small cores are 
made by bench and machine coremaking, and large cores are usually 
made on the floor. In most foundries the coremakers spend the entire 
working day at this operation, although in some of the smaller found- 
ries from one to two hours may be spent in pouring or shakeout 
operations. 


The core oven tenders load, unload, and fire the oven in which the 
cores are baked. The various operations of this occupation usually 
consume the working day. 


The core room laborers perform a number of different tasks that 
include scraping cores, mixing core sand, mixing paste, hauling fuel 
for the oven, sweeping floors, transporting core sand and core boxes, 
and cleaning core boxes. 


Additional core room personnel include core pasters and core 
assemblers. Their work consists of scraping core sections, applying 
paste to the core surfaces to be joined, and fitting the sections together 
accurately. 


Molding Department 


In most foundries molders constitute the largest number of workers 
in any single occupation. The primary function of molders is to pre- 
pare the sand molds in which metal is cast. Basically, this involves 
packing sand around a pattern of the desired object and then with- 
drawing the pattern, leaving in the sand a hollow space in the shape 
of a casting to be made. The bench molder applies facing sand through 
a hand screen, fills up the flask with heap sand, and tamps the sand 
in place with a hand or pneumatic rammer. Loose sand is blown from 
two halves of the mold; the cores are placed, and a parting compound 
is applied. The mold is assembled and is placed on the floor ready 
for pouring. Floor and pit molders perform essentially the same rou- 
tine except that the molds are much larger and cranes or hoists are 
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Figure 1—Tamping sand into a large floor mold with 
a pneumatic tool. Note the large window space which 
aids in providing natural ventilation and illumination. 


used to lift the flasks and patterns. Machine molders operate machines 
that pack the sand by either squeezing, bumping or jolting. 


Some large foundries, especially if floor or pit molds are made, use 
sand-slinger machines which are controlled by a sand-slinger operator. 
Sand placed in a hopper of the sand-slinger is automatically sifted and 
carried to the end of an arm, where it is thrown into the flask with 
enough force to pack it, thus saving hand labor in packing the mold. 
The sand-slinger operator works with molders who set up and finish 
the mold. 


In many foundries the molder also performs the task of pouring the 
molds he has made. This task is done usually at the end of the work- 
day and requires from one to two hours. 


A number of laborers are usually assigned to the molding depart- 
ment to perform unskilled tasks, such as sifting and shoveling sand, 
carrying equipment and materials to the working area, pouring molds, 
shifting weights, and removing flasks. 
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Figure 2—Machine molding of small _ castings. 
Molder’s helper at the left is shoveling sand into 
a screening device to provide facing sand for the 
mold. Pile of heap sand is in the right foreground. 





Figure 3.—Line of machine molders. Molding sand is provided by an 
overhead conveyor system. Finished molds are taken to a central 
pouring area by the conveyor directly behind the molders. 
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Figure 5.—Pouring small molds at a central pouring station. Note 
furnace operator tapping air furnace in background. 





Casting Cleaning Department 


Tumbler operators are laborers who load and unload the tumblers 
and may transport the castings to and from the area, These workers 
may also have other tasks in the cleaning department or during the 
pouring operation. 


The wheelabrader operator runs a machine which cleans castings 
by both tumbling and blast cleaning methods. This laborer also loads 
and unloads the machine, and may perform other tasks in the cleaning 
department. 


Sandblasters and tableblasters use the method of blast cleaning to 
remove the sand from the castings. Sandblasters may collect and trans- 
port the castings to the sandblast room, where they clean the castings. 
The tableblaster, on the other hand, operates a machine in which cast- 
ings are carried through a chamber where one or more nozzles direct 
streams of abrasive-laden air against them. The worker collects and 
transports the castings, places them on the circular rotating table of 
the machine, and removes the castings from the table when they are 
cleaned. 


The grinders and chippers remove the excess metal from the cast- 
ings and the small amount of sand remaining after precleaning opera- 
tions. Grinders may be classified according to the mounting of their 
machines. Thus, there are stand or stationary grinders, swing-frame 
grinders, and portable grinders. Chippers employ a pneumatic tool to 
remove metal fins and rough spots from the surface of the castings. In 
the larger foundries the grinders and chippers usually work at the 
same job for the entire day. In smaller foundries, or in foundries where 
large castings are made, the same worker may perform stand, swing, 
and. portable grinding, and pneumatic chipping during the same day. 


Burners remove gates, risers, and projections from iron and steel 
castings with an oxy-acetylene torch. 


Cleaning department Jaborers perform a number of tasks which 
include transporting castings, knocking off risers, removing cores, and 
sweeping floors. 


Shakeout and Sand Conditioning 


The shakeout operations in most foundries are performed by a 
group of laborers who also may condition or prepare the sand for the 
next day’s work. Shakeout operations vary with the size and degree 
of mechanization of the foundry and size of the castings. Both manual 
and mechanical methods are used to free the casting from the mold 
and to transport it to the cleaning department. Where manual shake- 
out methods are used, the tasks may include removing flasks, knocking 
off risers, dragging out castings, loading castings and transporting them 
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Figure 7.—Stand (stationary) grinding small castings. Note 
escent lights and ducts of exhaust ventilation system. 








Figure 8.—Removing excess metal from casting by 
pneumatic chipping. 





Figure 9.—Castings emerging from a mechanical exhaust ventilated 
shakeout system. Laborer removes and places large castings in wheel 
barrow; conveyor system carries small castings to sorting room. 
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Figure 10.—Shakeout of casting from floor mold using a chain hoist. 


to the cleaning department, stacking bottom boards, picking up risers, 
wetting sand, and cutting the sand by hand. Mechanical shakeout 
methods may include the use of cranes or hoists to lift and transport 
the molds and the castings, vibrator platforms to shake the casting 
out of the mold, pneumatic hammers to knock the sand loose, and 
vibrator hoists to shake small castings from the molds. 


Sand mixers prepare the core, facing, and heap sands for use by the 
coremakers and molders. This work may be done by hand, using a 
shovel or by the operation of mullers or cutters. The sand mixer may 
be required to load, unload, and operate the muller, and transport the 
sand to the place where it is to be used. Scme foundries have com- 
pletely mechanized sand-treatment systems which the operator can 
control from one location. The amount of time required for the sand- 
treatment operations varies from plant to plant. In small foundries 
the sand mixer usually has numerous other tasks, while in large 
foundries the entire day may be spent at this operation. 


Maintenance and Supervisory 


Maintenance workers are required to repair, service, and maintain 
the machinery and equipment in the foundry. Depending on the size 
of the foundry and degree of mechanization, the following maintenance 
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Figure 11.—Shakeout of castings using a pneumatic 
vibrator hoist. Sand falls through grillwork in floor 
onto conveyor belt which carries it to the sand condi- 
tioning unit. 


employees may be necessary: carpenters, electricians, mechanics, and 
millwrights. These workers may perform their jobs in all sections of 
the foundry and usually are not required to do other tasks. 


Supervisory personnel includes superintendents, assistant superin- 
tendents, foundry foremen, and department foremen. These men plan, 
coordinate, and are responsible for work under their direction. 


Shipping and receiving clerks perform various tasks connected with 
the incoming materials and equipment and the outgoing products. 


Office workers perform bookkeeping and timekeeping, maintain cor- 
respondence, and do other tasks necessary in the conduct of foundry 
business. These workers spend little time in the foundry workrooms. 
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Miscellaneous Laborers 


This group includes all the remaining foundry workers who do not 
qualify for the other five groups. Included in this group are occupa- 
tions which are sufficiently important from the dust-hazard standpoint 
to be in a group by themselves, but the small number of workers in 
these occupations make separate consideration of the occupation 
unwarranted. 


Furnace workers include melters, cupola chargers, melter helpers, 
ladle liners, and brickmasons. The melters supervise the work involved 
in operating a furnace (cupola, air, electric, open-hearth) in which 
the molten metal is prepared. 


The cupola chargers weigh and transport the raw materials to the 
charging platform, where they shovel or dump the constituents of the 
charge into the cupola. They may also assist in other tasks around the 
cupola. 


The melter helpers perform numerous tasks in the operation of the 
furnace. These include chipping or cleaning out the furnace, repairing 
furnace, cleaning out slag, preparing slag bed, assisting in tapping 
furnace, operating bull ladles, and helping to pour. 


Ladle liners chip out and clean ladles, and prepare and apply the 
materials necessary to patch or replace the linings of ladles. 


Brickmasons construct and repair the brickwork of furnaces, stacks, 
and ovens by spreading mortar and placing bricks according to dia- 
grams or blueprints. 


The crane operators operate a crane, which runs on overhead rails 
in the foundry building or in the material yard, to lift and transport 
heavy objects, such as large flasks, molds, patterns, machines, raw 
materials, castings, and ladles of molten metal. In most foundries 
these workers spend the entire day at this occupation. 


The hoist operators, using a chain or compressed air hoist, perform 
the same tasks as the crane operators but on lighter loads. These 
workers usually perform other tasks in the department in which they 
work. 


Pattern makers construct patterns of wood or metal which have the 
shape and size of the desired casting 


Annealers operate an annealing oven in which castings are heat- 
treated to form malleable iron. 


Yard men perform a number of tasks, including unloading sand 
from box cars, storing and moving materials, helping load and unload 
trucks, and cleaning up. 
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Truck drivers load, unload, operate, and maintain motor trucks to 
transport plant products, incoming materials, and supplies. 


Guards perform the police work in and around the foundry and 
protect the equipment and material from theft. 


Janitors and sweepers maintain the entire foundry including the 
supply room, washrooms, and office rooms, in a clean condition. 


From these job descriptions and observations made of various 
operations in the foundry industry during the course of the study, it 
appears that the major health hazards to workers are exposure to 
silica dust, iron dust, carbon monoxide, aldehydes and to such physi- 
cal agents as heat, rapid changes in temperature, noise, and bad 
i1umination. 
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ENVIRONMENTAL STUDIES 


The engineering phase of the ferrous foundry investigation included 
an evaluation of various environmental factors, such as dusts, gases 
and other contaminants, noise, illumination, and plant sanitation. The 
study was extended over a l-year period to include all weather condi- 
tions. This investigation was carried out in 18 ITllinois foundries 
located within a hundred-mile radius of Chicago. The number of 
employees per foundry ranged from 26 to 400. The size of the castings 
produced varied from less than one pound to approximately 40 tons. 
The foundries selected produced gray iron, malleable iron, and steel 
castings. 

The majority of the plants worked only during the day except for 
shakeout operations, which were commonly done at night. A few of 
the plants surveyed, however, worked two or three shifts, with shake- 
out being done on all shifts. 


Collection and Analysis of Samples 


FIELD PROCEDURES 


The number of samples collected at each operation was determined 
by the nature and dustiness of the operation. In the first portion of the 
survey, three or more dust samples were collected at each operation 
in each foundry. As the survey progressed, it was decided to collect 
fewer samples, provided they gave consistent results. For each opera- 
tion, however, samples were collected on different days as well as at 
different hours of the day. Approximately 1,100 samples of air-borne 
dust were collected and counted. In addition, numerous samples were 
collected for determination of iron, free silica, and particle size. Con- 
centrations of carbon monoxide and aldehydes were also determined. 

Depending upon the information desired, three methods were used 
for the collection of air-borne dusts. The standard technique employ- 
ing the standard impinger was used in collecting samples for dust 
counting and particle-size determinations (2). The sampling medium 
was 100 milliliters of double distilled water. When necessary, impinger 
tubes were rebored to maintain a flow of 1 cubic foot of air per minute 
(plus or minus three percent) at a pressure drop of three inches of 
mercury. Samples were taken in the operators’ breathing zones as well 
as in the general room air for periods of from 5 to 30 minutes. 

A vacuum cleaner, equipped with a double thickness paper filter, 
was used for collection of large amounts of air-borne dust for chemical 
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analysis. These samples were elutriated, and the fractions thus 
obtained were each analyzed for free silica. The intake to the cleaner 
was suspended approximately 7 or 8 feet above floor level. The 
cleaner was operated at a sampling rate of about 30 cubic feet of air 
per minute and run from 8 to 40 hours, depending upon the dustiness. 

The modified electrostatic precipitator (3) was used to collect dust 
and fume at all operations for determination of iron. The precipitator 
was operated at a sampling rate of 3 cubic feet of air per minute for 
5 to 30 minutes. 

Samples of settled dust were collected from overhead beams and 
rafters. These samples were analyzed for free silica and iron. 

The National Bureau of Standards carbon monoxide indicator tubes 
(4) were used for determination of carbon monoxide. Tests were made 
in the operators’ breathing zones during pouring operations. Tests were 
also made throughout the day in the vicinity of the cupola and of the 
general room air. 

Samples of mixed aldehydes were collected in the vicinity of the 
pouring operation by means of a midget bubbler using sodium 
bisulfite as a collecting medium. The samples were taken at the rate 
of 2 liters per minute with an automatically-controlled suction device 
(5). Analysis (6) of the mixed aldehydes was performed by the 
Industrial Hygiene Division, I!linois Department of Public Health, 
which designed and furnished the apparatus used. 

A number of samples of molding, facing, and core sands, and of 
parting compounds were collected and analyzed for free silica. 

The standard light-field counting technique, using Dunn cells and 
a magnification of 100X%, was employed (2). Each cell had been care- 
fully ground to provide a cell depth of one millimeter, plus or minus 
three percent. Double distilled water was used to wash down the sides 
of the flask and the center tube and to dilute the sample to 250 ml. 
Samples containing visibly high dust concentrations were further 
diluted as required. A blank count determination was made for every 
five samples counted. Cleanliness of all sampling and collecting equip- 
ment was maintained so that blank counts did not exceed 8 particles 
per microscopic field. All dust counts were made in the field within 
24 hours after collection. 

Four to six impinger samples taken at the same operation at a given 
foundry were combined for the preparation of slides for particle-size 
determination. Particle-size distribution was determined with the filar 
micrometer using an oil immersion objective (7). 


LABORATORY PROCEDURES 

The samples which were returned to the laboratory for analysis 
fell into four general groups, according to the type of sample and the 
method of collection. The four groups follow: 
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Bulk samples of parent materials, including various types of sands 
and parting compounds, were collected as used in the plants. Some 
were already .powdered, and others were relatively coarse. All were 
ground to pass through a 100-mesh sieve and thoroughly mixed before 
the portions for analysis were taken. 


Samples of rafter dusts were thoroughly mixed, and portions were 
taken for analysis for the determination of iron. The determinations 
for free silica were made only on that portion of the sample which 
passed through a 200-mesh sieve. 


Electrostatic precipitation was used for the collection of a number 
of samples of air-borne fume and dust. Although a few of these 
samples were analyzed for lead and some for free silica, most of them 
were analyzed only for iron. In all instances the sample was removed 
from the electrode tube by washing with 30 percent alcohol-water 
solution, accompanied by vigorous scrubbing with a rubber policeman. 


Gross samples of air-borne particulate matter were collected on 
filter paper, as previously described. The samples were removed from 
the filter paper by repeated washings in alcohol. The paper was placed 
in a beaker, covered with alcohol, and agitated to loosen the particles. 
The paper was then removed to another beaker and agitated with 
another portion of clean alcohol. This procedure was repeated until 
the paper and the last several portions of alcohol appeared to be clean 
and free of dust. All alcohol portions were combined and centrifuged 
to concentrate the particulate material of the sample. The samples 
were then separated into two particle-size fractions, as described 
below, and each fraction examined for free silica by the X-ray diffrac- 
tion technique. 


Particle-size Fractionation 


The separation of dust samples into particle-size fractions was 
accomplished by a sedimentation procedure similar to that used by 
Holden and Hyatt (8). Two marks exactly 33 millimeters apart were 
made upon the side of a 400 milliliter beaker. The lower mark was 
approximately 20 millimeters above the bottom of the beaker. 


The sample was placed in the beaker and redistilled alcohol added 
to the upper mark. The mixture was agitated to put the dust into 
suspension, then allowed to settle for 40 minutes. The suspension 
remaining between the two marks was slowly siphoned into a centri- 
fuge flask by means of a tube connected to a vacuum line. Care was 
taken that the suspension was agitated as little as possible by the 
siphoning operation. Clean alcohol was added to bring the level to 
the upper mark on the beaker, and the procedure of agitating, settling, 
and siphoning was repeated. This cycle was continued until the upper 
layer appeared clear. 
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After siphoning, the upper layer containing the fine particles was 
centrifuged to bring down all particles, and the clean supernatant 
liquid was decanted. The same centrifuge flask can be used throughout 
the sedimentation of a sample regardless of the number of cycles of 
operation required to give a clear upper layer. 


After a final centrifuging and decanting, the two fractions were dried 
by evaporating off the alcohol and then weighed. The residual dust 
from the beaker was designated as greater than five microns, and the 
fines from the siphoned liquor, as less than five microns in effective 
diameter. The sedimentation procedure was based on the settling rate 
of quartz to give the separation at the five-micron size. Any materials 
present with densities appreciably greater or less than that of quartz 
would accordingly be separated at smaller or larger effective diameters 
of the particles. Actual particle-size distribution counts were made 
on both fractions of a few samples selected at random. On the average, 
the fine fractions were found to have 89 percent of the particles smaller 
than 5 microns in diameter, and 99 percent smaller than 10 microns. 
In the coarse fractions the count of particles over 5 microns averaged 
somewhat more than 50 percent of the total, and 80 percent, on the 
average, were greater than 2.5 microns in diameter. Due to the much 
greater density of iron and steel, the fractionating procedure separated 
particles of these materials into greater than and less than 2.5 micron 
size fractions. The relatively large number of particles between 2.5 and 
5 microns in diameter in the coarse fractions is indicative of the large 
proportion of fine particles of iron, steel, or other heavy materials in 
the samples. It is believed that the separation of quartz into fractions 
above and below 5 microns in diameter was well accomplished. 


Free Silica 


The X-ray diffraction technique was used for the determination of 
free silica (quartz) in all samples which were separated into the two 
particle-size fractions and in a few other samples. Beryl was used as 
an internal standard for the quantification of the photographed 
pattern. Some samples required treatment with a dilute acid for the 
removal of interferences, principally iron. The instrument used was a 
General Electric XRD, type 1, X-ray diffraction apparatus. The 
film densities were read on a Leeds and Northrup recording 
microphotometer. 


Most of the determinations of free silica in parent materials and 
rafter dusts were done by a modified phosphoric acid procedure (9). 
The method depends upon both time and temperature control during 
the acid treatment. This method has been found to be accurate and 
rapid for samples such as were encountered in this study. 
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Iron 


Depending upon the size of the sample and the iron content, two 
methods were used in the determination of iron. Some samples were 
analyzed by both methods. 


Samples containing relatively large quantities of iron were analyzed 
by a titrimetric procedure (10). The iron was separated by a precipi- 
tation as the hydroxide which was then dissolved in acid. The iron 
was reduced with stannous chloride and the excess of the reducing 
agent oxidized by mercuric chloride. The ferrous iron was then titrated 
with a standard solution of potassium dichromate using diphenylamine 
indicator. 

Some air-borne materials collected by means of the electrostatic 
precipitator and other materials low in iron were analyzed for iron 
by a colcrimetric method (11). The samples were treated with hydro- 
fluoric and perchloric acids and ashed. The ash was taken up in hydro- 
chloric acid, filtered and diluted to volume. An aliquot was treated 
with alpha-alpha-dipyridyl reagent and the color read in a photoelec- 
tric spectrophotometer at 522 millimicrons. The iron concentration 
was read from a standard curve of transmission values determined 
from a series of iron standards treated by the same procedure. 


Lead 


Only a few samples were analyzed for lead. These were all electro- 
static-precipitator samples for dust or fume. They were removed from 
the tube by washing with 30 percent alcohol-water solution and were 
ashed with nitric acid. The determinations were made by a double 
extraction, mixed-color dithizone procedure (12). The color was 
measured at 510 millimicrons by a photoelectric spectrophotometer. 


Results of Environmental Studies 


ATMOSPHERIC CONTAMINANTS—Dust 


Characteristics 


Foundry dusts, in general, consist of a mixture of various inorganic 
materials and a small amount of organic substances (13, 14). Free silica 
(SiO, ) is an important constituent of this mixed dust which originates 
principally from the molding and core sands. Analysis of 30 molding 
sands and 10 core sands taken from various foundries showed an 
average of 75 percent free silica in molding sand and an average of 
86 percent free silica in core sand. Parting compounds furnish another 
source of silica dust, and an analysis of 16 of these materials showed a 
range of from 0.5 to 93 percent free silica. Thirteen of these compounds 
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contained less than 8 percent; whereas the other three contained more 
than 63 percent free silica. 


FREE SILICA IN AIR-BORNE DUST.—Table 2 shows the percent by 
weight of free silica in the air-borne dust by operation for the total 
sample and for the fraction less than five microns in size. Range and 
mean values are shown. The median values were essentially the same 
as the mean. 


Table 2.—Percent by weight of free silica in air-borne foundry dust 
in 18 ferrous foundries in Illinois according to operation 





Free silica percent by weight 

















Number 
Operation of Total Fraction less 
samples sample than 5 microns 
Range | Mean | Range | Mean 
Coremaking o somge es eee eee 5 8-21 13 6-18 12 
VION eek eke ee ee ee eee 15 13-46 26 5-39 15 
Pouring see ee ee 3 18-44 29 11-25 21 
Shakeout and sand conditioning- _ __ 10 | 20-40 29 11-44 Lz 
All cleaning operations___________- 12 10-27 iba 12-33 18 








These data show that the average percentages of free silica in the 
total sample for molding, pouring, and shakeout operations were essen- 
tially the same, probably because these operations are conducted in 
the same general area. It is interesting to note that in these operations 
the mean percent of free silica in dust less than five microns in size is 
appreciably lower than was found for the total sample. Computations 
using data from the text table on page 29 and table 2 show the per- 
cent of free silica in the dust less than five microns in size to be 
approximately one-half the percentage found in the fraction above 
five microns in size. The average percent of free silica in the total 
sample was only about half as high in the coremaking and cleaning 
operations as compared with the other operations. No significant differ- 
ence was found in the percent of free silica in the two size fractions in 
coremaking and cleaning operations. 


FREE SILICA IN SETTLED DUST.—This was determined from samples 
collected from overhead pipes and beams at least 20 feet above floor 
level. These samples were collected in the following areas: (1) core- 
making, (2) cleaning, and (3) molding, pouring, shakeout, and sand 
conditioning. Since the last operations are all carried out in the same 
location, the sample represents a composite dust from all these opera- 
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tions. The results of analysis of these samples for free silica are as 
follows: 














Free silica 
Nimbotot percent by weight 
Area samples 
Range Mean 

POLEIMAKINGe Et oa ele © Aca ee Rowe eS 11 18—62 30 
lO AMEN GWM nee ea MER ARE a PR ae 15 21-53 30 
Molding, pouring, shakeout, and sand con- 

CEE GV Ce nat aE RES Ane ea ne ve 28 12-51 30 











By a coincidence, the average amount of free silica in the settled 
dust from the three areas was found to be 30 percent in each case. 
The results were practically identical with those of the air-borne dust 
for molding, pouring, shakeout, and sand conditioning (table 2). An 
appreciable difference was noted in the percent of free silica found in 
air-borne and settled-dust samples from coremaking and cleaning 
operations. These results indicate that considerable caution is required 
in using settled-dust samples to evaluate the composition of a mixed 
air-borne dust for any individual foundry. Apparently, differential 
settling of a mixed-density dust has an influence on the composition of 
settled rafter dusts. If settled dust sampling is done, it is important 
that representative samples be collected and that a large number be 
taken to insure maximum reliability. From the data obtained, it is 
evident that further study of the relationship of settled dust to air- 
borne dust is needed. 

IRON.—Together with its compounds, iron was also evaluated as a 
constituent of the foundry dust. Results of the analysis of dust samples, 
collected with the electrostatic precipitator, for iron are shown in 
table 3. A review of table 3 shows that the iron content of air-borne 


Table 3.—Percent by weight of iron and its compounds (expressed 
as Fe) in air-borne foundry dust in 18 ferrous foundries in Illinois 
according to operation 

















Tron 
Number percent by weight 
Operation of 
samples 
Range Mean 
l@elisigir msec aes ee eS os poe Le ee é 3- 7 5 
Pheltine: and tapping: ~ 2.2 fo oe. ee ee Fe 6 4-15 9 
| PORTIA eMedia Pee am tee ae 5 4-13 8 
SINE RECO | oe ANS ies ITD perce Tene ge ce gee mC i! 2- 7 3 
SURG Yea DU GUD G2 0 2 le ee ng eg a a rad 8 8-59 38 
Pneumatic chipping and grinding. ____________- 8 13-51 30 














dust was considerably higher at cleaning operations (stand grinding, 
and pneumatic chipping and grinding) than at other foundry activities. 
In view of the nature of cleaning operations, these high results were 
to be expected in the vicinity of the operation. (Two samples col- 
lected at welding and burning operations showed 39 and 40 percent 
of iron, respectively. The operation studied is not routine as a general 
rule except in steel foundries.) The iron content of the general room 
air and settled dust in casting cleaning departments was found to be 
as follows: 











Percent iron 
Number of 
Type of dust samples 
Range Mean 
Air* borne Bow aca le ek ed Pee 8) 7—30 18 
Settled) sede 2 ts, stan re eee eaters 5 8—22 16 











A comparison of the iron concentration in the general room air and 
that found in the immediate vicinity of specific cleaning operations 
(table 3) indicates that differential settling takes place very rapidly, 
the iron decreasing from 38 or 30 percent to about 16. 


LEAD.—Three samples for lead were collected at one foundry where 
patterns were made from white metal which contained approximately 
75 percent lead. Results of analyses showed 0.06 milligram of lead per 
cubic meter of air at melting and 0.007 milligram at the finishing 
operation, which included grinding and routing. Inasmuch as lead 
exposures in the ferrous foundries studied were intermittent and only 
rarely encountered, it may be concluded that lead does not constitute 
a significant hazard in this industry group. 

RELATION OF PARTICLE SIZE TO WEIGHT.—This was determined from 
air-borne dust collected with the vacuum cleaner in the vicinity of 
various operations. The samples were elutriated, and the percent by 
weight of the dust less than five microns for the various operations was 
found to be as follows: 











Air-borne dust 
pene en Nom beaver percent by weight 
7 samples 
Range Mean 
Coremakings 0m cr con ao ae ee 5) 25-56 46 
Mi Ol Git gercemes rk Oeste ie eee eee eee 15 2-64 30 
POUtiti oe tases cere ANE eat ne Maker at aey eee mebcties te 3 46—50 47 
Shakeout and sand conditioning .......... 10 3-48 #55) 
Gléaning operations: me ym acne) nie occ ae 12 6—72 oo 











It will be observed that the greatest percentage of particles less 
than five microns was found in the pouring and coremaking opera- 
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tions. The lowest average value of 23 percent, which was obtained 
during shakeout and sand cutting, may possibly be explained as result- 
ing from the projection of large particles from the relatively dry sand 
during extraction of the castings. Similarly, coremaking operations are 
of such a nature that large particles are less likely to be thrown into 
the air. 


PARTICLE-SIZE DISTRIBUTION.—This was determined for 12 samples 
prepared as previously described. While these samples were not col- 
lected in all 18 foundries, they were selected to give a representative 
sample of the conditions encountered. Figure 12 presents the particle- 
size distribution of a typical air-borne foundry dust. The probable 
percentage of particles within a certain size range may be determined 
from such a curve. The geometric mean, which is the midpoint size in 
the distribution, is located at the intersection of the curve with the 50 
percent line. 


Table 4.—Particle-size distribution of 12 samples of air-borne foundry 
dust in ferrous foundries in Illinois according to operation 








Geometric | Percent of total sample equal to 

















mean of or less than indicated size 
Sample Operation total 
No. sample 
(microns) 3 1.5 0.9 
microns microns micron 
1 Coremaking a2 4.20 5 ee 025 99 92 m3 
2 Machine molding__-___-_-__- 8 93 83 64 
3 Machine molding_-_-_--_-_- oth 99 88 67 
4 Meese GM oe 6 95 84 70 
5 Manual shakeout________- Ley % 54 28 
6 Mechanical shakeout_____- a6 90 54 is 
7 Mechanical shakeout and 
sand conditioning. ______ 12 94 74 28 
8 Manual and mechanical 
Shakeouta sree 2 ee ee 1.4 94 62 14 
9 Sand conditioning -_ __-____- 1.4 86 62 34 
10 Cléanin gage. ee es ae 8 97 83 61 
fal Clean ino eee: eee ere ee 6 98 84 64 
12 Clea nin Gl aa ns ee eee 5 99 93 76 











Note: Sample numbers 3 and 7 were taken at steel foundries, the others at gray iron foundries. 


Table 4 summarizes the data on particle size measurements of the 
12 samples. Except for two of the samples, 90 percent or more of all 
particles were three microns or less in size. There is a noticeable 
difference, however, in the particle-size distribution of dust from shake- 
out and sand conditioning as compared with dust from molding, core- 
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making, and cleaning operations, the geometric mean being about 
twice as high in the shakeout and sand conditioning group. This dif- 
ference in size distribution is particularly striking in the group of 0.9 
micron or less. 


Dust Concentrations 


Table 5 shows the dust levels found at coremaking, molding, and 
pouring operations. With the exception of operations where sand- 
slingers were used, the average dust concentrations were low—all 
under three million particles per cubic foot of air. With respect to 
molding operations, regardless of the type—bench, floor, or machine 
molding—there was little difference in the dust concentrations found. 
On the average, dust concentrations at coremaking and pouring opera- 
tions were lower than at molding. Machine coremaking showed higher 
average concentrations than hand operations. 


Table 5.—Dust concentrations in coremaking, molding and pouring de- 
partments in 18 ferrous foundries in Illino1s, according to operation 





Millions of particles per 
cubic foot of air 
Department and operation Number 
of samples 





Range Median Mean 


























Coremaking department____-_____-__- 56 | 0.1-5.2 eS 1.6 
Beneh coremaking. (=. 39 | 0.4=-5.2 1.2 1.5 
Floor coremakings 2) 608 = 9 | 0.1-3.6 | i 
Machine coremaking_-_--___-__-_- 8 | 0.9-3.5 220 De 

Molding department._.........-..- 155 | 0.1-58.4 Sat 4.0 
Beneh molding. 220 225.2252 24 | 0.1-10.1 2:4 Bed 
ivfoormmolding = 222. 228. Se 40 | 0.1-6.2 Did 2.6 
Nachine mold. 22. oes. of | 0.4-7.6 D5 oi) 2.0 
Dane-shngme | et ee 14 | 2.8-58.4 12.2 19.1 
Sand-slinger mold finishing _ _ _- 20 | 1 4-7-7 4.6 4.7 

Zouring department. 2.0.2.2. 32 | 0.1-4.2 1.9 1.9 

















The range of values found at coremaking, molding, and pouring 
operations is very narrow when the 14 samples collected at sand- 
slinging operations are omitted. The highest dust concentration in the 
remaining 229 samples was 10.1 million particles per cubic foot of 
air. Sand-slinging showed a range of from 2.8 to 58.4 millions of par- 
ticles per cubic foot with a mean value of 19,1, 
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An important source of dust at molding operations was the dry 
parting compounds. Time studies of machine molding showed that it 
required about 3 minutes to make a mold; of this time, one-half minute 
was used in applying the parting compound. During the course of a 
workday, more than an hour’s time was spent at this dusty operation. 
The results of a time study of a machine molder’s dust exposure, as 
made by the Public Health Service some years ago, are as follows (15): 





Average dust expo- 





Activity Sede reae sure in millions Spree y. 
oBranere OO a eabtey: 2 riddteet( AGE) 
Parting compound application. 86 25 2150 
Pouring GPeacenonranct cays eee: 34 2.5 85 
Iemainingetasks ieee eee 420 2.0 840 
cLotal tea cen ontcn verre oe S408 eel ean eee 3075 








3075/540 = 5.7 mppcf weighted exposure; 2150/3075 = 70 percent of exposure 
due to application of parting compound. 


Thus, the dust concentration during the application of the parting 
compound was over 10 times that observed at pouring and other 
tasks. The significance of this concentration becomes evident when 
the particle-minute exposure of this job is compared with the total 
particle-minute exposure of the occupation. The important fact 
revealed is that the parting compound contributes 70 percent of the 
molder’s exposure. If the parting compound contained little or no free 
silica, the weighted exposure would represent only about 0.5 million 
particles of free silica per cubic foot of air. In this case, the parting 
compound contained over 90 percent free silica, and the weighted 
exposure represented about 4.5 million particles of free silica per 
cubic foot of air. As previously mentioned, three of 16 Illiriois foundries 
were found to be using a high-silica parting compound. Since high- 
silica parting compounds have received much adverse publicity in 
past years, it was surprising that they were still used in some plants. 


Table 6 shows the dust concentrations found at shakeout and sand 
conditioning operations. In a few foundries molding, pouring, and 
shakeout were done more or less continuously. However, in the 
majority of plants, shakeout and sand treatment were done at night 
after all other operations had ceased. Generally, the men who did the 
shakeout also prepared the sand after the castings had been removed 
from the sand molds. It may be observed from these data that, in 
general, the shakeout jobs produced far more dust than the sand 
preparation jobs, and the mechanical methods of performing a task 
produced from two to five times as much dust as the manual method 
of operation. 
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Table 6.—Dust concentrations in shakeout and sand conditioning de- 
partment in.18 ferrous foundries in Illinois, according to operation 





Operation 





Number 
of samples 





Millions of particles per 


cubic foot of air 

















Range Median Mean 
Removing flasks manually_______-_-_- 27 | 0.1-27 2.6 o.6 
Removing flasks with chain or elec- 

BIKCMNOISG eee ONE. ae, Wey oe ey 19 6-99 Og 10.8 
Drageging-out; knocking-off risers and 

removing cores manually________- 44 1-38 De 4.7 
Dragging-out with a hoist and re- 

moving cores with sledge hammer - 22 | 1.0-240 6.3 22.9 
Shaking-out castings with a vibrator 

| COTES hp eel ees oa Le Se 6 13 | 2.2=3841 220 79.9 
Shaking-out on a mechanical vibra- 

POrplatrorane Gee 2 ees a 18 6-39 8. 11.0 
Cutting and raking sand manually __- 15 1-7.7 Det ae 
Cutting sand with small riddlers____- 19 9-30 4.5 7.0 
Cuttine-sand witha disk... ..2.-.- 12 2-7 .5 2.9 aye 
Clean-up and odd jobs of very short 

CHUURAUTOMS Se ce ne 33 1-9.7 lie 1.9 











The dust concentrations found at the various operations in the 
abrasive cleaning department are shown in table 7. The highest aver- 
age concentrations were found at portable grinding and the combina- 
tion job of grinding and chipping. Unlike portable grinding, swing 
frame grinding was a discontinuous operation in the plants studied. 


Table 7.—Dust concentrations in abrasive cleaning department in 


18 ferrous foundries in Illinois, according to operation 








Millions of particles per 


cubic foot of air 














Operation Number | 
of samples 
Range Median Mean 

meandering. 8 oe a 43 | 0.2-94 2.9 6. 
Rortable enmding-< 22. 44. 2 2 23 .2-51 10.1 Lone 
Portable grinding and pneumatic 

CMO OUING eh an rete ee 13 | 1.1-49 6.4 125 
Pneumatic chippimg 2? 6-=_ 222 _ 22 1 .1-10 Zh Sols 
Svan Once. oo Pe 15 | 1.3-46 oat 6.6 
Wiiheelabradiing = 2.2 el pe BS 15 5-11 226 348 
Abrasive blasting (cabinet method) - - 10 4-26 ae. 5.6 
banaioling 22% << See ae toes ele 20 .7-15 2.6 one 

















The short period of operation did not permit a buildup of dust, even 
though exhaust ventilation was not employed. The average dust con- 
centration at stand grinding, wheelabrading, abrasive blasting, and 
tumbling was influenced by the use of mechanical exhaust ventilation. 

Table 8 shows the dust concentrations observed at the various tasks 
performed in the melting department. With the exception of the one 
task of chipping-out the cupola, the mean dust concentrations ranged 
from 1.2 to 3.7 million particles per cubic foot of air. The cupola- 
chipping operation, which lasts 30-45 minutes per day, is perhaps the 
dustiest of all foundry operations studied. 


Table 8—Dust concentrations in melting department in 18 ferrous 
foundries in Illinois, according to operation 





Millions of particles per 
cubic foot of air 
Operation Number 
of samples 





Range Median Mean 





Chipping-outy cupolaae soe se eae ee 13 | 4.2-487 88 .4 123-0 
Wiaddineseupolnemes =e eg ee 6 1-10.5 2.4 3.3 
Charcving clos ease ne ee 28 .1-3.2 181 ihe 
Rapping cupola memes so eee eee 32 1-9.1 1.9 2.2 
Cleaning around cupola___________- 14 1-13.5 1.8 a7) 








In addition to the plant activities thus far described, there are 
certain functions performed outdoors which are grouped as yard 
activities. Among these, a relatively infrequent one is unloading sand 
from railroad cars. In all of the plants studied, this very dusty opera- 
tion was performed manually. Three samples collected showed dust 
concentrations ranging from 62 to 121, with an average of 83 million 
particles per cubic foot of air. 

Other yard activities, such as preparing charges for the cupola, and 
unloading scrap and other materials from railroad cars, have low dust 
exposures. Twenty-four samples ranged from less than 0.1 to 4.9, with 
a mean of 0.9 million particles per cubic foot of air. 

Table 9 shows frequency distributions of dust concentrations accord- 
ing to department and operation. Of the 721 samples shown in the 
table, 141, or about 20 percent, were in the range from 0.0 to 0.9 
million particles per cubic foot of air; 260, or about 36 percent, were 
in the range from 1.0 to 2.9 mppcf; and 190, or about 26 percent, were 
in the range from 3.0 to 6.9 mppcf. Thus, 82 percent of the samples 
collected for these specific operations showed dust concentrations of 
6.9 mppcf or less. Only 4 percent of these samples were above 31.0 
mppcf. 
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Table 9,—Frequency distributions of dust concentrations in 18 ferrous 
foundries in Illinois according to department and operation 











Number of samples with indicated range of millions 
of particles per cubic foot of air 








Operation 
Total |0.0-0.9}1.0-2.9|3.0-6.9| 7.0-14.9 |15.0-30.9|31.0-62.9| 63.0 or 
over 








Coremaking Department 





Bench coremalangess = 22-25 sso ee 








Hloorcoremaking= 2 22 see ao 9 3 5 1 0 0 0 0 
Machine coremaking. _____------ 8 il 4 0 0 0 0 
Molding Department 
Benchunoldine=e esses 22 5 2es. = 24 5 10 8 1 0 0 0 
Machineanoldino sss 5 22222525. - 58 10 24 23 il 0 0 0 
IS oyene wmavolchuvers = Be wes eS ee 40 5 18 iy 0 0 0 0 
Sand-slinging_______- Pee ae Ste 14 0 il 0 a 4 2 0 
Sand-slinger mold finishing. ______ 20 0 12 4 0 0 0 
Melting Department 
Chippimevoutscupolaas= == 422 e2 = WS: 0 0 1 0 2 3 7 
Mud chimnecuipolase == oss ae 6 3 0 2 il 0 0 0 
Charsine cupolas se. sos ae 4 28 12 15 1 0 0 0 0 
Toes Cujoole = .235-- == eee 26 5 17 4 0 0 0 0 
Cleaning around cupola_______--- 14 3 6 3 2 0 0 0 
General indoor activities________- 24 6 ill 7 0 0 0 0 
Outdoomachivittess=. sesso 222s 20 13} 6 il 0 0 0 0 





Shakeout and Sand Conditioning Department 


Removing flasks, manually ______- 7 6 8 10 2 1 0 0 
Removing flasks, mechanically ____ 19 1 ee if 6 1 0 1 
Draccine-out manually. -525 225-2 — 44 7 ia 2 6 2 0 0 
Dragging out mechanically ______-_ 22 0 7 4 3 4 2 2 
Shakeout with vibrator hoist_-_--- 1h 0 1 2 4 2 ul 3 
Shakeout on vibrator platform_-__ 18 1 2 4 6 4 1 0 
Cutting sand, manually_________- 15 3 7 8) 2 0 0 0 
Cutting sand with riddlers - - - -_-- 19 1 6 6 3 3) 0 0 
Cuttinetsand wath dises=- 2-2 - 12 2 4 ts) 1 0) 0 0 
ONG SO) Sisisent® > sie a ee ep ee eee 33 1 18 3 1 0 0 0 
Cleaning Department 
ste ED Clas 1119 G1 Tt eee 43 10 13 15 1 2 1 1 
Rortableterindinges 256555255. 23 1 3 Of 4 4 4 0 
Grindingeand chipping_______.___ 13 il il 5 3 2) il 0 
Pneumatic chipping! 2.222 sees. iy 3 8 5 1 0 0 0 
Swilowo iy clin ote se ye 055 0 7 4 3 0 il 0 
Wiheelabradimeea. ss ss. 2 ees eee 1) 2 8 3 2 0 0 0 
Abrasive blasting. 922 2025-5555 -2 10 3 3 1 2 1 0 0 
ART oaN 6) ht vee en a ge ee Le ae 20 4 9 5 2, 0 0 0 


W 
~“ 


Obviously the greater proportion of the values for the specific 
operations was in the lower ranges, with a few exceptions. Dust concen- 
trations for sand-slinging and chipping out cupola operations fell in 
the higher ranges. 

The values for dragging out castings mechanically, shakeout with 
vibrator hoist, shakeout on vibrator platform, and portable grinding 
were more or less evenly distributed throughout the various ranges. 


Occupational Weighted Exposures 


Weighted dust exposures are shown in table 10 for certain occupa- 
tions and occupational groups. The latter was formed principally to 
facilitate the correlation of the environmental findings with the results 
of the medical investigations. 

Data shown in table 10 were obtained by the following procedures: 
the first step in all columns involved the calculation of occupational 
weighted dust exposures for each occupation. For example, if at a 
certain plant in a given job the workmen spend 5 hours a day at task 
A, where there is an average dust concentration of 6 million particles 
per cubic foot, 2 hours a day at task B, where there is a dust concen- 
tration of 25 mppcf, and 1 hour a dzy at task C, where the dust con- 
centration is 2 mppcf, the weighted dust exposure for this occupation 
in that plant would be: 

(540) 5 (25 20) a le) 
8 

The second step for columns A and C involved calculating a median 
dust exposure using all occupations that fell within a broad occupa- 
tional group in all 18 plants surveyed. The occupational weighted dust 
exposures were arrayed in ascending order of dust concentration. For 
each occupational weighted dust exposure the number of men repre- 
sented by that exposure was entered. The median dust concentration 
value was the dust exposure of the middle man in the array. 

In columns B and D only certain specific occupations were selected. 
Again medians were calculated from the occupational weighted dust 
exposures for these occupations. It is apparent that data in columns 
A and C do not represent a summation or average of the values shown 
in columns B and D. 

It may be seen from table 10 that the values for the specific occupa- 
tions at gray iron foundries (column B) and at all foundries (column 
D) are essentially the same except for certain casting cleaning opera- 
tions, portable grinding and chipping, swing grinding and cabinet 
abrasive blasting. The exceedingly high value shown for mechanical 
shakeout by crane hoist with vibration (98.6) represents an operation 
encountered in only one plant where large castings were allowed to 
cool several hours with the result that the sand became dry and shake- 
out of these castings was very dusty. 





= 10.25 mppcf. 
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Table 10.—Median weighted dust exposure in gray iron and 18 ferrous 
foundries in Illinois according to occupational group and certain 
operations 


Millions of particles per 
cubic foot of air 





Occupational group and operation 
Gray iron foundries | All ferrous foundries 





Cok A Col. B Col. C Col. D 





Corea g eee Ke eee BO Naess ee DA Nal Reap eee ae 
mencu coremaking. 9.22 Vb ee \eiue es ea beh caliente ag 
NMoomcoremakines. 25 So toy oletee sues ROR sees eRe 10 
Machine coremaking. . 2.224 soe. Mbt evtle ee Seale 2.0 

IWHOICING@ Se a en eh 7 par lh eg eae a Dee Ute" aopedes 15 
Benen molding 222 22S alee 1a | Ra ee £6 
Hoon amokemen 2 5 ose a See ee BA a | Cleon gee ee ee 2.8 
Machme=moldimig. oo... 2.<f.ck2) 2ven base DeR UIE Bie Seek yo 2.5 
OMG ssh PUN Ss os Se ee ee Us ee Pe ROOM Rye ee wet 9.5 
Sand-slinger mold finishing and 

Clesnne ee sot ele ae ary eoE s | Be) led S NAG: Srl ieee Met 3.4 

Shakeout and sand conditioning____- Shee) [ee ee eee oe es See Dret 
Miamuwalshakeotte.. 251-2022 (Se 2 88 CRS Rel alee soaps 3.3 
Mechanical—chain hoist________|__.______- A Stella See Es 2.6 
Mechanical—electric hoist with 

WAR CMON Mien W fia. tie 5 aeRO Ee tory en 2s ONO ett neri 6.5 
Mechanical—vibrating platform _|_________- Sea eee ene oe Sid 
Mechanical—crane hoist with 

NADACIOME = ete 8 Pee oe ee OSG eee eres 98 .6 
Sancdwconditioning. 2.5.2. S96 2| Zoe 25222 OO 22 Bois ee Sal 

Casting cleaning and finishing__-___-__ elle, Gn gee Gaara DEAN abe ae zee 
SUCH Uea SOY E12 ee i eg pee a) (ey Dr Lee irl Re ae on) 
Portable grinding and pneumatic 

Clin pmigioec. ko ot a ee LS 2 ek COM Ae Pe Zi 
Smmmecormcling 04 Sos ue ai es ee in eee ne ae 1.9 
Wabeela le climes ares NA es i eae ener 2.2 
ci BLOUSES] 6 Tie a aor a ay a, keane ees SP La ae a Mi daa a 
Cabmiet_abrasive blasting _-....-].2 222... - APO \taee sae haa & Sx2 


Maintenance and supervisory 
Cam lOve sca) ee eee UN Cerne ome eye Mee ne eens ees ree a 


alorers:andothers......2.222 22... 22h 
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ATMOSPHERIC CONTAMINANTS—Gases 


Irritant Gases 


Smoke and gases are produced by certain foundry operations and 
tend to contaminate the working environment. The principal opera- 
tions evolving these contaminants are the baking of cores and the 
pouring of molten metal into the molds. In both operations the smoke 
and gas evolved were a result of the pyrolysis of the organic material 
incorporated into the cores, and, to a small extent, also present in the 
molding sand. Various aldehydes were the most important of these 
irritant gases. 

At the core-baking operation, the baking ovens were of tight con- 
struction and were usually vented to the outdoors. Some of the ovens 
were equipped with canopy hoods which were mechanically exhaust 
ventilated. No perceptible amounts of aldehydes were detected escap- 
ing from the ovens into the workrooms except in one instance. In this 
case, however, baking of the cores was done at night, and no workers 
were exposed to the gaseous environment. 


Twelve tests were made to determine the range of concentration of 
these different aldehydes during pouring operations. The concentra- 
tions ranged from an insignificant value to 3.3 parts of gas per million 
parts of air by volume. The average value was 1.1 parts per million. 
These concentrations existed only for the duration of the pouring 
operation. 

Tis! 
Carbon Monoxide Gas 

Another important contaminant of foundry atmosphere is carbon 
monoxide gas. It was present in the gases and smoke which were 
produced by the pyrolysis of organic material. About 150 measure- 
ments of carbon monoxide concentrations were made around cupola 
operations and also during pouring operations. The concentration of 
carbon monoxide ranged from 0 to 75 parts of gas per million parts 
of air at the tapping station of the cupola. The concentration of carbon 
monoxide ranged from 0 to 50 parts per million at the charging station 
of the cupola, except at those plants where the charging station was 
partially enclosed. In such instances, the carbon monoxide concentra- 
tion ranged from 100 to 400 parts per million. However, since the 
operation occurred only intermittently and was of brief duration, with 
a total time of exposure of less than 1 hour per shift, the worker’s 
exposure was short. 


Most of the determinations were made at pouring operations where 
the largest number of workers were involved. Concentrations were 
consistently low during the summer months when natural ventilation 
was at an optimum. At those times, the levels of carbon monoxide 
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ranged from 0 to 200 parts per million. In all cases, the average daily 
exposure was ‘well below 100 parts per million. There was no apparent 
correlation between the size of the mold and concentration of the gas, 
probably because of the influence of good natural ventilation when 
the doors and windows were open. 


During the colder months, when doors and windows were kept 
closed, the levels of carbon monoxide during pouring increased to a 
range of 100 to 600 parts per million, with momentary levels as high 
as 800 parts per million. The size of the mold or the amount of coring 
in the molds appeared to have less influence on the levels of carbon 
monoxide than the size of the space in which the operation was per- 
formed. The duration of exposure to carbon monoxide was limited to 
the pouring time, which usually did not exceed an hour. Even with 
the short duration of exposure, there was evidence of a hazard during 
cold weather. 


DISCUSSION OF ATMOSPHERIC CONTAMINANTS 


It is of interest to consider the possible reasons for the comparatively 
low dust concentrations found in the 18 Illinois foundries studied. 
Dust concentrations found were definitely lower than those reported 
in earlier investigations (16-19). Except for the study made in 
Australia, the investigations referred to were made more than 10 years 
ago. It would be valuable to have a re-study of the foundries covered 
in these earlier investigations to ascertain whether there has been any 
appreciable change in dust concentrations. Interestingly enough, 
engineering investigations of foundries (20) conducted since the com- 
pletion of the field work of this study showed dust concentrations very 
similar to those contained in this report. 


Subsequent to the completion of the field study in Illinois, inspec- 
tions were made by an engineer of the Public Health Service in a 
number of foundries in two other states. Visual observations indicated 
apparent dust concentrations of the foundries in one of these states 
to be of the same order of magnitude as found in the Illinois foundries. 
Studies made by the State corroborated this observation. In the other 
state the foundries visited were observed to be considerably more 
dusty, and, except in a few instances, modern methods of operation were 
lacking. State records of investigations over the last 12 years con- 
firmed these impressions. 


Although there are wide variations in foundry practices, not only 
from state to state but also within any given state, there is reason to 
believe that, in general, there has been a gradual improvement in the 
control of atmospheric contaminants in the foundry industry. New 
techniques of operation have been developed which are not only more 
efficient but which also lend themselves more readily to dust-control 
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methods. Equipment manufacturers have developed and promoted the 
use of new and more effective devices for the control of air contami- 
nants. In addition, official agencies have promoted measures designed 
to improve working conditions. 


Factors Influencing Foundry Environment 


There are many factors which influence the foundry environment. 
Some of these may be referred to as follows: 

ACTIVITY AND SPACE.—The degree of activity has a great effect on 
the concentration of atmospheric contaminants. Since production, and 
consequently employment, varies with business conditions, the number 
of men working in a given area may differ considerably over a period 
of time. The amount of floor area in the foundries studied varied from 
less than 200 to over 1,000 square feet per worker. 

Since productivity and employment in the foundries studied were at 
a high level, this factor does not offer an explanation for the low dust 
concentrations found. 

LOCATION AND SCHEDULING OF OPERATIONS.—As previously men- 
tioned in this report, dust produced by one operation may affect the 
environment in adjoining areas. For example, settled dust in core- 
making was found to be of the same average free silica content as in 
other foundry areas, even though the free silica content of dust pro- 
duced by coremaking operations was much lower. Similarly, it was 
observed that a particularly dusty operation influenced the dust level 
throughout the building. Consequently, where shakeout was done on 
all shifts, all workers were exposed to more dust than was the case 
when shakeout was done at night. The majority of the plants studied 
performed shakeout at night after most of the employees had left the 
plant. This accounts, at least in part, for the low concentrations found 
at many of the molding, coremaking, and pouring operations. 

SIZE OF CASTINGS AND TONNAGE.—lIt was observed that the size of 
casting influenced the dustiness of the foundry. This was particularly 
so in shakeout operations. Smaller castings were usually removed 
immediately after pouring, while the sand was still comparatively 
moist. In the case of larger castings, the necessity to delay the removal 
of the casting for a longer period of time resulted in the sand drying 
out and more dust being produced at shakeout. On the other hand, for 
a given tonnage, shakeout of smaller castings may produce more dust 
because of the greater number of individual castings which are 
handled. Therefore, where comparisons of dust levels are made, based 
on the tonnage of metal poured, due consideration must be given to 
the size of castings. 

DEGREE OF MECHANIZATION.—Mechanization of foundry operations 
results in increased dust production unless supplemented by proper 
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control measures. Where shakeout and sand-conditioning operations 
were mechanized without proper local exhaust ventilation, higher dust 
levels were observed. On the other hand, one of the most completely 
mechanized plants was found to have very little dust because adequate 
local exhaust ventilation was employed. 

VENTILATION.—Natural ventilation is an important factor in reduc- 
ing the level of atmospheric contamination. In large buildings with 
monitors or saw-toothed roofs with adequate openings, and with ample 
window area in the walls, dust concentrations were usually found to 
be lower. Natural convective drafts moved through these openings and 
prevented a build-up of general contamination. 

Most foundries were also equipped with mechanical exhaust roof 
fans. The use of these fans during cold weather, when most doors and 
windows were closed, was an important factor in reducing general 
contamination. 

General ventilation is useful in preventing a build-up of high con- 
centrations in the general workroom air. Local exhaust ventilation will 
prevent the release of excessive concentrations into the breathing zone 
of the worker as well as into the general atmosphere. Ventilation of 
this type was employed in many foundry operations; it was used in 
the cleaning departments of all foundries studied and in shakeout and 
sand-conditioning operations at some foundries. Dust concentrations 
were materially decreased where these exhaust systems were properly 
designed and maintained. 

HOUSEKEEPING AND SUPERVISION.—The importance of good house- 
keeping practices as an adjunct in maintaining low dust concentrations 
cannot be overemphasized. Accumulation of dust on overhead beams 
and rafters, as well as on materials stored in the foundry area, should 
be prevented. Storage of equipment in an orderly manner and main- 
tenance of floors and aisles free from debris are other factors influ- 
encing the dust levels. 

Good housekeeping measures were evident, with few exceptions, 
throughout the foundries studied. Materials and supplies were stacked 
in designated locations, and, generally, there were well-defined aisles 
for passage of workers and equipment. Many of the plants removed 
settled dust from overhead pipes and beams as well as from stacked 
supplies at periodic intervals to prevent redispersion of such accumula- 
tions by vibrations and drafts. Floors were generally kept free of 
excessive accumulations of sand and dust. Many plants had concrete 
floors which facilitated good housekeeping. Dirt floors were almost 
always hard-packed and kept wet to minimize scuffing-up of dust. 

Good housekeeping is an indication of good supervision. The blame 
for poor housekeeping must rest entirely on the shoulders of manage- 
ment. Furthermore, management should see that proper techniques 
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are employed to prevent the unnecessary dispersal of dust from opera- 
tions. For example, due to lack of proper supervision in some of the 
foundries, certain molders created clouds of visible dust through the 
improper application of parting compounds. It was also observed that 
the indiscriminate use of compressed air created excessive amounts of 
dusts and that improper mixing and wetting of molding sand definitely 
contributed to the dustiness of some foundries. 

The judicious use of water can do a great deal to reduce the amount 
of dust getting into the general foundry atmosphere. The proper 
amount of moisture during sand-conditioning operations, for example, 
will prevent the building-up of unnecessarily high dust concentrations. 
There are other instances also where water can play an important part 
in keeping dust levels low. 

It was observed that techniques employed at shakeout, and the 
scheduling of these operations, played an important part in the dust 
produced. 


Recommendations 


1. Local exhaust ventilation should be employed where mechanical 
shakeout equipment is used. 

2. Exhaust ventilation should be employed with portable grinding 
operation. 

3. Exhaust systems and dust-collection equipment should be given 
proper maintenance at all times. 

4. The best possible housekeeping program should be enforced at all 
times. 

5. High-silica (over 8 percent) parting compounds should not be 
used. 

6. Where buildings are to be remodeled or new ones built, considera- 
tion should be given to locating the various operations in such a 
manner as to minimize the number of workers affected by dust. 

7. Consideration should also be given to scheduling of operations, such 
as shakeout or sand-conditioning, in order to minimize the number 
of workers affected by a dusty operation. 

8. Adequate ventilation should be provided to prevent excessive con- 
centrations of carbon monoxide during pouring operations and 
around furnace charging. 


NOISE 


The environmental study included an evaluation of sound intensities 
and frequencies. The objective of this phase of the investigation was 
to determine these sound characteristics within the foundries studied. 

According to recent investigators, noise levels of intensities below 
80 decibels are believed not to produce acute or chronic aural damage; 
but above this level, damage may occur, the severity and incidence 


44 


of which is probably directly proportional to the intensity of the noise 
(21, 22). The amount of aural damage seems to be correlated, further- 
more, with the frequency of the sound. The greatest effect occurs in 
the higher tonal levels and is particularly pronounced in the frequency 
area of 4000 vibrations per second (23, 24). 


Methods of Measurement 


Intensity readings were taken with General Radio sound level meter 
type 795-B. An extension cable was used to minimize sound distortion 
and to facilitate the measurement of sound adjacent to the worker’s 
environment. Microphones used were of the piezo-electric type 
utilizing a bimorph crystal. Sound frequencies were analyzed with a 
General Radio sound analyzer type 760. 


Findings 


Table 11 shows the range and average noise level readings, in 
decibels, in twelve ferrous foundries in Illinois by location. These data 
are presented for each foundry and subdivided into three major depart- 
ments—coremaking, molding, and cleaning. 

COREMAKING DEPARTMENT.—Sound intensities in coremaking 
departments are usually influenced by other operations located in the 
same general vicinity. For example, there was no separation of the 
core department from the molding and cleaning departments in 
foundry No. 4, and, as a result, the noise levels in the core department 
were considerably higher than in the core departments of other 
foundries. On the other hand, since the core department in foundry 
No. 16 was separated from the cleaning department by a wall having 
a high transmission loss, a considerable reduction in noise intensities 
was found. 

The two major noise-producing sources in the core department 
proper are coremaking machines and fans used to ventilate the core 
ovens. Four of the core departments studied did not have coremaking 
machines. Of this group, foundry No. 5 had the highest sound inten- 
sities, which were due to the exhaust fan on the core oven. Except for 
No. 5, as shown in table 11, higher noise levels were found in those 
core departments with core machines. 

The frequency levels found in the coremaking department varied 
considerably. In many cases, the major frequency resulted from the 
exhaust fan. In other cases, the major frequency was due to com- 
pressors and other machinery located in adjoining areas. In still other 
instances, it was due to molding and cleaning operations. The frequen- 
cies were of a low order of magnitude, about 100 cycles per second. 

MOLDING DEPARTMENT.—-As in the case of the coremaking depart- 
ment, the physical location of the molding department with regard to 
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other operations had a distinct bearing on the noise level. This is again 
illustrated in foundry No. 4, where there is no physical separation be- 
tween the molding and the cleaning departments. The same conditions 
apply to No. 8. The sound intensities were considerably higher in these 
molding departments than in the others surveyed. However, in foundry 
No. 16, where a wall with a high transmission loss separated the mold- 
ing department from the cleaning department, there was a considerable 
reduction in sound intensities. In foundry No. 6, the molding depart- 
ment was located next to the cleaning department and separated by 
a wall having a low transmission loss, which resulted in above 
average sound intensity in the molding department. The major sources 
of sound-producing equipment in the molding department were bench 
and floor molding machines and sand-slinging machines. This is illus- 
trated in foundry No. 7. When the machines were not in operation, 
the sound levels averaged 66 decibels, but when the floor molding 
machine was in operation, the intensity increased from 68 to 92 deci- 
bels. In foundry No. 9, high intensities were obtained from the large 
number of molding machines. 


The sound frequencies in the molding room are extremely complex 
and very difficult to measure. This is due to the intermittent opera- 
tions of the various types of machines used in the molding department 
and in some cases to the sounds originating from sources other than 
in the molding area. The frequencies were of a low order of magnitude, 
about 100 cycles per second. 


CLEANING DEPARTMENT.—Cleaning department operations, without 
exception, were the greatest source of noise in the foundries studied. 
As mentioned previously, the cleaning department frequently con- 
tributed considerably to the noise of the other departments. The clean- 
ing department of foundry No. 5 yielded higher sound intensities than 
the other foundries studied. The department was small, the walls 
were of stone construction, and numerous cleaning machines were in 
operation within this small area. There was no acoustical treatment 
within the room, and the stone walls reflected the noise, thus pro- 
ducing the high sound intensities observed. It is interesting to note 
that, because of the high transmission loss of the walls in this par- 
ticular foundry, the molding and core departments were relatively 
quiet. As would be expected, the sound frequencies were extremely 
complex and difficult to evaluate. The frequencies ranged from 30 to 
860 cycles per second. 


It was noted that no type of acoustical treatment was used in any 
of the foundries studied. No attempt was made to isolate particularly 
noisy machines or operations. With the exception of two or three indi- 
viduals who put cotton in their ears, employees did not seem to use 
any personal protective devices to reduce noise levels. 
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Recommendations 


1. Consideration should be given in all foundries to provide walls 
with a high transmission loss to separate the cleaning department 
from the other departments. 

2. Exhaust fans used in ventilating the core ovens should be properly 
designed, mounted, and maintained to produce a minimum noise 
level. 

3. In foundries where a series of molding machines are adjacent to 
each other and are located in a large area, proper sound condi- 
tioning should be applied at appropriate areas to reduce the sound 
intensities. 

4. Particularly noisy machines, such as the tumbling barrels in the 
cleaning department, should be isolated whenever possible, or 
appropriate acoustical treatment should be employed where they 
are located. 

5. Workers in the cleaning department, as well as the machine core- 
makers and sand-slinger operators in the molding department, 
should wear a proper type of ear plug. 

6. A maintenance program should be enforced to keep the equipment 
in the optimum state of repair. 


ILLUMINATION 


Another environmental factor evaluated was illumination. Since 
proper lighting is known to play an important role in reducing eye 
strain, increasing production, and minimizing industrial accidents 
(25-27), data on the quality and quantity of illumination were 
obtained in the present study. Light intensity readings were taken 
with a Weston Meter Model 614 equipped with a Viscor filter. The 
technique employed in making the readings was similar to that recom- 
mended by the Illuminating Engineering Society (28). 


Findings 


The results of the findings are presented in tables 12 and 13. There 
were numerous factors which influenced the light intensities in various 
foundries. These included the amount of natural and artificial illumi- 
nation, maintenance of lighting systems, and reflection factors of walls, 
ceilings, and machinery. Since all of these factors played an important 
part, it is impossible, in evaluating the lighting conditions of any one 
foundry studied, to determine which factors had the greatest influence 
on the findings. 

Several of the foundries had saw-toothed, monitor or skylight roof 
construction, which permitted maximum daylight illumination in the 
interior of the building. In addition to window area in the roof, a 
majority of the foundries also provided large window areas in the 
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Table 12.—Average illumination readings, in footcandles, in 14 ferrous 
foundries in Illinois, by location 
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Note: A dash indicates that the oneration did not exist at the time of the survey. 
An asterisk indicates that the oneration existed but no readingss were made. 
No readines were made in foundries 11 and 12. 


walls. None of the windows was observed to be equipped with devices 
to regulate the amount of light at the working level. 

In the foundry industry it is particularly necessary to supplement 
natural illumination with artificial lighting because the inherent dusti- 
ness of the work reduces the transmission of natural illumination. 
Table 13 shows the types of lamps and reflectors by department in 
the foundries studied. All reflectors observed were of the direct type. 
In the majority of the foundries the lighting systems were antiquated 
and poorly designed. 

To obtain maximum benefit from illumination sources it is necessary 
to maintain proper reflection factors in the interior of the building. 
The recommended reflection factors generally accepted are 90 percent 
for ceilings, 60 percent for walls, and 30 percent for machinery. It may 
be seen in table 13 that the reflection factors found in the foundries 
studied were considerably below these recommended values. 

The importance of proper maintenance cannot be overemphasized. 
Systems which are adequate when installed deteriorate rapidly unless 
proper maintenance is provided. A definite schedule of maintenance 
work should be established to insure that wall and roof windows, 
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Table 13—Factors affecting artificial illumination in the core, molding 
and cleaning departments in 14 ferrous foundries in IIlinots 





Factor 





















































Foundry Department Reflection factor : 
No. Type of lamp Type of (approximate percent) Maintenance 
: reflector 4 ms 
Ma- 
Ceiling | Wall | chinery 
1 Core, molding, and cleaning__ | Incandescent__. | Direct _- 50 10 5 | Fair. 
he eee ola Fee Ae Re ORE aires 2 (SPs dose Sere 10 10 5 | Good. 
3 (Corevand cleaning=sss=s 225550 sede tel (ee Ae ed ead do__- 60 50 Poor. 
3 IMMONOINING a. once ecm seco ee Merc ur yaa el ee dom 60 50 5 Do. 
4A Cord 22-5 Se ene ee Incandescent __ |____do___ 20 20 10 | Fair. 
4A | Molding, and cleaning_..-_.__| Mercury------- Poe dome 20 20 10 Do. 
4B Core, molding, and cleaning ___| Incandescent... |____do _- 20 20 10 Do. 
5 oe hi nae 10 ea are ee PY Closes, Bes lore 40 60 fj) WBete. 
6 Core, and molding.___________ Incandescent___ |____do__- 20 20 10 | Poor. 
6 Cleaning ase eee ee aera Fluorescent____- NS doek 20 20 10 Do. 
il Core eee = a eee oe mye oe 8 Incandescent __ |____do__- 10 10 10 Do. 
7 Molding, and cleaning________|____-do_________ None__- 10 10 10 Do. 
8 Core, molding, and cleaning ___| Fluorescent_____ Direct _- 10 10 10 Do. 
9 Cores andicleaning==sae eee = = Incandescent___ |-___do___- 15 10 10 | Good. 
9 MOL geen eee Fluorescent and |____do___ 15 10 20 Do. 
incandescent. 
10 Core, molding, and cleaning___ | Incandescent.___|____do--_- 15 30 10 | Fair. 
LS | eee CPR a See Ie OR apa e e 2 d0s. sane pee dosee 30 30 10 | Poor. 
[os | see Once & tee As are. ee 10 ee ee Cte doses 10 10 Oneal 
15 Coresandimol ding see ee | eee dozen ss ecto 10 10 10 Do. 
15 Cleaning ee eee en tine eee Incandescent |__._do___ 10 10 10 Do. 
and mercury. 
16 Core, molding, and cleaning____| Fluorescent and |____do___- 15 15 10 | Poor. 
incandescent. 
Note: No observations were made in foundries 11 and 12. 


reflectors, lamps, and accessories are kept clean and in proper adjust- 
ment and good repair. One method of determining how often this 
should be done is to check the illumination periodically with a light 
meter. The system should be maintained so that the light intensities 
do not fall below 75 percent of the original intensities. 


A program for the group replacement of lamps could be established 
in conjunction with the cleaning program. The output of light 
decreases as the filament of a lamp slowly sublimes. Replacement at 
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70 percent of average life is oftentimes adopted as the economical 
point for group replacement, for at this point less than 10 percent of 
the lamps should normally have failed. The most economical schedule 
will differ in accordance with conditions and requirements for each 
specific installation. 


Recommendations 


1. To insure a maximum of natural illumination in one-story build- 
ings, the window area, including walls and roof, should be at least 
30 percent of the floor area. 

2. Windows should be provided with adjustable devices to regulate 
the quantity of light on the working area. 

3. Modern lighting techniques should be employed to improve arti- 
ficial illumination. 

4. Proper reflection factors should be provided on ceilings, walls, and 
machinery. 

5. An adequate program of maintenance should be instituted. 


SANITATION FACILITIES 


A sanitation survey was conducted in 16 of the 18 foundries studied. 
The survey did not include facilities provided for office workers or 
employees in departments other than those connected with foundry 
operations. 

Information was obtained on the following items: source of water 
supply, type of drinking water facilities, type of washing and toilet 
facilities, waste disposal, and adequacy and housekeeping of all sanita- 
tion facilities. ) 

Water Supply 


Public water supplies were used in 13 plants, and private supplies 
in three plants for drinking and industrial purposes. One of the 13 
plants supplemented the public supply with a private well. A pub- 
lic water supply was available to 81.3 percent of the workers. Since 
these water supplies are under the supervision of the Illinois State 
Department of Public Health, no attempt was made to determine their 
hygienic condition. 


Drinking Water Facilities 


Approved types of drinking fountains were provided in 13 of the 
16 plants. Six of the 13 plants also provided non-approved fountains 
in addition to the approved type. Three plants provided only non- 
approved fountains, which consisted essentially of faucets connected 
directly to the water lines. In addition to the nonapproved fountains, 
open-water containers were observed in two of these three plants. The 
number of approved type drinking fountains was found to be adequate 
for the number of employees in the majority of the plants. 
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Washing Facilities 


The Illinois Health and Safety Act (29) and the American 
Foundrymen’s Code on Sanitation (30) require that the following 
washing facilities be provided for employees: 


& 


Number of employees Number of lavatories 
per shift 
TP to 5s Ae GAPE et ae en ae OES Ae ee eee eee 1 
LO StO%S Oper P ee ee res er cee» arr eee eee 2. 
S1Lstot5 Ow, 5 escent otoeaeke tos Ni ace geome on mae cee: 3 


For each additional 25 employees or fractional part thereof, there 
shall be provided 1 additional lavatory. The lavatories may consist 
of individual units, wash sinks, or circular fountains. Where wash sinks 
or circular fountains are used, twenty-four inches of outside rim of 
a wash sink and seventeen inckes of a circular fountain shall be the 
equivalent of one lavatory. 

These two codes also require that one shower be provided for each 
twenty foundry employees per shift. 

Hand-washing facilities were found to be adequate in all plants 
surveyed. All were equipped with hot and cold water, but two plants 
did not furnish soap. Although the codes do not require plants to 
supply towels, five plants furnished towels for hand washing. Three 
plants were found to have one less than the required number of 
showers. Fifteen plants provided an individual clothes locker for each 
employee in the foundry area. 


Toilet Facilities 


The following toilet facilities are required by the above codes: 


Number of employees Nu nber of toilets 
per shift 
Ro Rela Sar Ha ered ears yt DGS See ee NS Ue eae al! 1 
LOS CO 24 cee ceten fomse hbo teas Le fos Phase cage teen oe ee eee ee 2 
PA bia C0 ie 5! BeBe a Abig Pe yin RRA GRR ES a oh gh dhe Sd te, 5 3 
DOStO 4 he Pet A RA een, Seen gt eee ene ed Se Ge 4 
Ves We oes)! Prater ear ee ere Me yore wey i oe 5 5 
OVvet 99). cn Se peels cer ect WEA I oe OA ie ceo is 


'For each additional 30 employees. 


In addition to the number of toilets, 1 urinal is required for not less 
than 10 men or more than 75 on any 1 shift, with 1 additional urinal 
for each 75 men. 

Two plants provided 1 less urinal, and 4 plants provided 1 less 
toilet than required by the codes. All toilets and urinals were found 
to be standard flush type, and, in general, the space provided and the 
temperature of the rooms were found to be satisfactory. 
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A number of the plants provided more washing and toilet facilities 
than the minimum requirements and maintained them in a very satis- 
factory manner. A few plants provided recreational facilities in the 
large shower or locker room. 


Women were employed in the foundry areas in only two of the 
16 plants surveyed. Adequate toilet and washing facilities were 
provided. 


Waste Disposal 


Thirteen of the 16 plants discharged sewage and industrial wastes 
into municipal sewage disposal systems. Two plants discharged sewage 
and industrial waste, without treatment, into nearby rivers; and 1 plant 
used a septic tank for treatment prior to discharging the waste into 
a stream. 


Housekeeping 


General housekeeping of locker rooms and toilet and washing facil- 
ities was arbitrarily rated as good, fair, or poor. Although the 16 plants 
were not surveyed by the same person, every effort was made to arrive 
at comparable ratings. Nine of the plants were rated good; 2, fair; 
and 5, poor. 


Summary 


In general, sanitation facilities provided for foundry employees were 
found adequate, and the majority were maintained in a satisfactory 
manner. In a few of the plants surveyed, some improvements are 
needed with special reference to improved housekeeping and the 
installation of additional facilities to meet the minimum sanitation 
requirements. 


Summary of Environmental Studies 


Findings of the environmental investigations made in 18 Illinois 
ferrous foundries are presented. The data show the character and 
composition of parent material and of air-borne and settled dusts; 
operational dust levels; occupational weighted dust exposures; and 
the concentration of other atmospheric contaminants, such as alde- 
hydes and carbon monoxide. Measurements of illumination and noise 
levels, and an evaluation of sanitary facilities are presented and 
discussed. 

It was found that 90 percent or more of the air-borne dust in all 
foundry environments were 3 microns or less in size. The amount of 
free silica in the air-borne dust varied with the operation and ranged 
from 13 percent at coremaking to 29 percent at pouring, shakeout, and 
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sand conditioning. On the other hand, the free silica content in the 
settled dust was found to average 30 percent throughout the foundries. 
The air-borne dust less than 5 microns in size was found to have a 
lower percentage of free silica than the larger size fraction. 


The percentage of iron in the air-borne dust was found to range 
from 3 to 9 percent for all operations except casting cleaning, for 
which the proportion varied from 30 to 38 percent. 


Operational dust levels at various foundry activities in general were 
found to be much lower than those reported in earlier investigations. 
Mean dust levels at molding, pouring, and coremaking operations were 
found to be under 3 million particles per cubic foot of air. Sand-slinger 
molding showed a mean dust level of about 19 mppcf. Mechanical 
shakeout operations showed mean dust levels ranging from 10 to 
75 mppcf; whereas manual shakeout and sand conditioning produced 
mean dust levels under 7 mppcf. Cleaning room operations showed 
mean dust levels under 7 mppcf except at portable grinding and chip- 
ping which had a mean dust level of about 15 mppcf. Other miscel- 
laneous operations showed dust levels under 4 mppcf with the 
exception of chipping-out of cupolas and sand unloading. The high 
dust exposures at the last two activities were intermittent and of 
relatively short duration. 


Concentrations of aldehydes were of a low order of magnitude. 
Carbon monoxide concentrations were relatively low in most instances, 
but high levels occurred for short periods at pouring operations during 
the winter months. 


In general, the foundries studied were clean; housekeeping was ade- 
quate; and dust suppression measures were employed. Many of the 
foundry buildings were well constructed according to modern architec- 
tural designs which permitted adequate natural ventilation and natural 
illumination. Although the majority of the foundries were not com- 
pletely mechanized, modern production techniques were usually 
employed. 

Many of the foundries did not utilize the latest methods of artificial 
illumination. The foundries studied gave no consideration to the reduc- 
tion of noise. 


In general, sanitation facilities provided for employees were ade- 
quate and maintained in a satisfactory condition. Some improvements 
were needed in a few plants. 
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MEDICAL STUDIES 


Review of the Literature 


Studies of the health of ferrous foundry workers have generally 
centered on the diseases of the respiratory tract, and, more especially, 
on the effect of the dust of the occupation on the lung parenchyma 
(16, 17, 31-58). There have been a few studies on the general health 
of these workers, the most notable examples being those of Collis (59) 
and Macklin and Middleton (42) in Great Britain; but, these also 
discuss chiefly the lung diseases. Since the bulk of the literature on 
the health of the ferrous foundry workers refers to lung changes, these 
will be discussed at this time. 


It might be expected that comparison of the chest findings in the 
present study could be made with the other reports. The previous 
reports served well the purposes for which they were intended. How- 
ever, for reasons which will soon be apparent, for only a limited num- 
ber may comparisons of incidence rates of pulmonary fibrosis be made 
with the present report. Table 14 shows the findings in regard to pul- 
monary fibrosis as reported in these previous foundry studies in which 
such information was recorded. It was with a great deal of trepidation 
that this table was prepared, since in many instances appreciable 
license was necessarily taken in interpreting the data in those pub- 
lished reports. It will be noted from table 14 that a gross separation 
is made between the first 12 reports and the latter nine. Among the 
reasons for this separation, noted in italics in the table, are: (1) Selec- 
tion for examination of workers of certain occupations only, as in 
studies 13, 15, 16, and 17; (2) selection for examination of workers 
who had the longest periods of exposure in the industry, as in studies 
17 and 18; (3) examination did not include a roentgenograph, as in 
studies 13 and 21; (4) use of roentgenography was limited to certain 
workers, as in study 19; (5) size of the sample was very small, as in 
studies 14 and 15; and (6) the type of foundry studied was not stated 
in the published report, as in study 20. 


It is pointed out that, although the data from the reports listed 
in the upper portion of table 14 resemble the present study in many 
respects, both in methods used as well as criteria for diagnosis of 
degree of observed pulmonary fibrosis, even in these there appear dif- 
ferences from the study now being reported. Again, these differences 
are, in each instance, indicated in the table by italics. It is well, there- 
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Table 14.—Data selected from previous 








Type of foundry 








See footnotes at end of table. 
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Year Occupational Number 
Study} of Investigators Country of study groups of 
No. |report Ferrous studied workers 
Non- studied 
es ferrous 
Tron | Steel 
enol) MOB EY PANG IAI (GHD). = U.S. (Wisconsin) _____- AGE Ne S\N on oi) IN 5. Se A 691 
Dae |e 03 a OSTnONGN (2) seen We Sa(Pennsylvania meals Vesae|m Veseaia Nome sees dose. ae 686 
3._..| 19387 | Kelly and Hall (33)_| U.S. (New York) -_--_-- cS) (*) Chigye dO. 2 ee eee 403 
av) GEES || nce (GQ)... U. 8. (Wisconsin) ____-- VesualiesealeNo sl aaa do. 2. ee ee 4,035 
5._._| 1938 | Trice and Easom | U.S. (North Carolina)_| Yes_.| Yes..| Yes__| 8 foundries —all; 16 546 
CH). foundries—selected 
workers with 20 years 
or more exposure. 
6_---| 1938 | Greenburg, Siegal, | U.S. (New York)--__-_- Yesocney e8:-t ese) Allah eee eke oer 4,066 
and Smith (34). 
(eee 93 alan era (66) aes U.S. (Wisconsin) ____-- WViesime|  VeS== lls) csseioeeme do ae 8,377 
Siaee 19428) eBrowneands ile Use Seam Cashing tonsali\0e|ieesee ln lcs ae meee] Osean 454 
(37). DiCa: 
Oy cal) TQS |) JON GG). cee A eae en 2 Ahk etal YVesee | Vesee ll Nig aa eee ClO eee eee 119 
10____| 1945 | Keatinge and Pot- | Great Britain_________ AG Ns ab aN hye NL Bil 8 cee 8 60 
ter (39). 
11____| 1945 | Riley, Butler, and | U. S. (Washington, | No_.| Yes_.| Yes__|___-- dos so eae wre 842 
Goren (40). Deca: 
12,_-.| 1946. | Velicogna (47)____- tal ye eee eat) (ey (*) Ga) ees dom esc eee 120 
Macklin and Mid- | Great Britain. _______- Casting cleaners (some 
dleton (42). degree of selection 
used). 
14 eee el Ose le Womissaruke(43) see) Astra eee ere 
eee |e 2 melee nl a 1)) eee Germany eee 
WG -— }h UOBRE |) Weyiebyn C4). = 2) Ce pinbimye 5 Casting cleaners _.____-- 
17.---| 1934 | Gudjonsson (46)___| Denmark__________--- Casting cleaners 





studies of silicosis among foundry workers‘ 








Percent of workers with 
pulmonary fibrosis 
Classification of 
pulmonary fibrosis 




















Nodular 
Remarks 
i Diffuse Stage 
Diffuse | Nodular Total | 
2 3 
INO Mea ccm ee be ees 17.5 | 8.9] 8.2] 0.4 | The hazardous occupations, in descending order, were 
sandblasters, molders, chippers, laborers, crane- 


men, coremakers. Roentgenograms only. 

Weg. k eee Riesie a 15.1 TO relic | ae eh | Stereoroentgenograms used. After 20 years of expo- 

sure found 44 percent silicosis. The hazardous 

occupations, in descending order, were steel chi>- 
pers, iron chippers, molders, coremakers, cranemen. 

Wess. Megas si se (eo iL 1B Oo 0 Surveyed 3 foundries. Physical examination and 
roentgenograms used. 

0.7 0 Casting cleaning produced highest incidence, 28 per- 
cent. Steel foundry produced more silicosis than 
iron foundry. The average exposure time required 
to develop silicosis was 25 years. The hazardous 
occupations, in descending order, were sandblast- 
ers, chippers and grinders, molders, coremakers. 

SViesie aes est se Jr 8.2 18 15] 0 0 Twenty-four foundries studied. Physical examina- 

tions and roentgenograms used. Stereoroentgeno- 

grams for those with 20 years’ average exposure. 

The high incidence in molders was believed due to 

their longer employment. 





~“I 
oS 
for) 
oo 


Wesue ane Nests: 4.5 2.7| 2.2] 0.4) 0.1 | Eighty foundries studied. Roentgenogram only used. 
Chippers had highest rate. 
GES eeerelin Wesson mes 21.0 Si atten ns att eaeee ere. | pore Bo Seventy-five foundries surveyed. This was an ex- 


tension of study reported in 1938 by same author 
(34) and including the original 4,035 foundrymen 
studied (60). Greater incidence observed in steel 
foundries. 
Mest i= Mecneas » tele 2.4 2227 O82) jo 0 Physical examinations and 14 x 17-inch roentgeno- 
grams used. 


Meseea.2 Vieshotns: 5.9 HO Wie ieee 2st eee eke Roentgenograms used. Casting cleanurs had highest 
rate. 

Mesa ate Mesgesss - 22.0 0 0 0 0 Physical examination and roentgenograms used. 
The most hazardous occupation was casting 
cleaning. 

Ves oee- AVES oes pie tee Bil a8 0.2 0.1 | Same foundry reported by Brown and Klein in 1942 


(37). Probably included diffuse fibrosis with stage 
1 nodular. Roentgenographed on 4 x 5-inch stereo- 
films; 14 x 17-inch films used for confirmation only. 
Wiessl ane Vege toms 3.8 Esso O)ky | ae ar ae ar len at ne Physical examination and roentgenograms used. 

Separate group of sandblasters described. Of 27 
| sandblasters, found silicosis in 55 percents 











No__-_._| Prebably , No roentgenographic examination made. Over 55 per- 
advanced.| marks. cent worked with sandstone grinding wheels. 

INOmaSsanel Cs-ee 8 |Wagene SOOM IE teks s cece a Bees tr Roentgenograms used. Small foundry. 

INV Ope eee Comoe wae sles sen Ad ‘Dileep | are [fence ts sl Do etee Noted rapidly progressing tuberculosis as the cause 


of death. All cases were disabled and ill for some 
time. Roentgenograms used. 


Vegi enent Vegeta 19.0 69.1 | 36.5 | 25.5 | 7.1 | Rate very much higher in steel than iron. Stage 3 
silicosis observed. 
Ves: 2One Mesea tava 8.6 18.7 | 13.9 3.2 1.6 | Roentgenograms used. Did not include those under 


8 years’ exposure. Found no tuberculosis. Cor- 
recting for age and duration of exposure, found 
older workers more likely to develop silicosis. 
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Table 14.—Data selected from previous studies 















































Type of foundry 
Year € eT Occupational Number 
Study} of Investigators Country of study groups of 
No. | report Ferrous studied workers 
Non- studied 
NG aROE 
Tron | Steel 
18____| 1984 | McConnell and | U.S. (Wisconsin)____-_- Yes__| Yes__| No__] All (selected workers) _ - 210 
Fehnel (16). 
ORE es eLOgoula Kunodases)) eee Japan ree eee Sees Ce Yesen SNoeel| 2A) as eee = me a 314 
20_.___| 1985 | Pope and Zacks | U.S. (Massachusetts)__| (*) ©) (CaP ete ow dost Oe Sa iees 1,614 
(48). 
Ne GES) Warciien, seenaaneeS |! like 2 Yes__| Yes_.| Yes__| All (includes steel fab- | 25,253 
giani, and Za- ricators). 
netti (49). 





1 Prepared by Senior Surgeon Harry Heimann and Assistant Surgeon C. J. Buhrow. 

Note: Dashes (--) indicate that data are not available. The use of italics is explained in the 
text on page 55. 

* Type of foundry was not stated. 

** The 11.4 percent includes diffuse fibrosis. 





fore, in comparing the different reports noted, to consider the indicated 
variations. It is further pointed out that, in interpreting the recorded 
findings as to the occurrence of diffuse and nodular fibrosis, license 
was used in some instances. In general, however, it is felt that the 
interpretations from the published reports were made without bias 
so that an approach might be made to a comparison with the data for 
the present study. 


With the above in mind, omitting from further consideration at this 
time studies numbered 13 to 21, inclusive, the following interesting 
facts may be noted from the table: (1) The reported incidence of 
pulmonary fibrosis among foundry workers varied from 2.1 to 26.8 
percent; (2) whereas diffuse pulmonary fibrosis (defined in a later 
section) varied in incidence from 3.3 percent to 22 percent of the 
workers, nodular silicosis was variously reported as ranging from zero 
to 17.5 percent (in most of these reports of the nodular type the 
disease was limited to nodular stage one or two, a few instances of 
stage three or conglomerate silicosis being reported in this industry 
by relatively few observers, as in reports 1, 6, and 11); (3) steel 
foundry work was reportedly more likely to cause silicosis than was 
iron foundry work, and casting cleaners were the most frequently 
affected; and (4) it generally required about 20 years to develop 
nodular silicosis in the foundry industry. 
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of silicosis among foundry workers'—continued 























Percent of workers with 
, pulmonary fibrosis 
Classification of 
pulmonary fibrosis 
Nodular 
bate Remarks 
7 | DiTuse Stage 
Diffuse Nodular Total 
2 3 
Westie Wesh.o2u =e oie 31.4 | 30.0 1.4 0 Roentgenograms used. Selected cases in order to show 
seriousness of condition. Included five workers of 





nonferrous foundry. 

Pe eel 3 ne, eine oa Vie ee 8.0 |______|______]______| Of 715 examined, only 314 roentjenographed; probably 
selected. The average exposure time to develop 
silicosis was 18 years. Steel casting cleaners had 
6.6 percent Sl120815. 

(te) VO ae (7a) slit Aca Seve alee = __|_____-| Seventy-five percent of workers examined on volun- 
tary basis. Physical examinations and roentgeno- 
erams used. Surveyed 10 foundries. 

Wiesne ose Niece 16 (1S | oe ere | eee 0 Fluoroscopic examinations of chest made. Steel 
foundries were worst with incidence of 5 percent 
of both diffuse and nodular fibrosis. 




















Authors’ note: An important new work, “Industrial Lung Diseases of Iron and 
Steel Foundry Workers,” by A. I. G. McLaughlin and coworkers, H. M. Stationery 
Office, London, 1950, appeared after compilation of the above table. 





Methods of Study 


For the year 1947, the latest year for which pertinent information 
was available, there were 1,936 independent ferrous foundries in the 
United States, employing a total of 239,272 workers (1). (See also 
table 1.) These foundries, together with all captive foundries, em- 
ployed approximately 341,000 production workers. In the 16 foundries 
with which the present report is concerned, the total employment was 
a little over 2,000, of whom 1,937, all males, were medically studied. 


PERSONNEL AND FACILITIES 


Utilized in the study was a total of nine physicians, two or three of 
whom were in the field at any one time. It was the physician’s duty 
to obtain the occupational and medical history, to make the medical 
examination, and to supervise the work of the medical technicians. 
The medical technician’s responsibility was to make the necessary 
chest roentgenogram and to study the urine and blood of the worker. 
Specialists in dermatology assisted in one phase of the study in 
evaluating the health hazards to the skin. Two dentists, one of whom 
was in the field at any one time, were part of the medical study team; 
it was their function to evaluate the manifestations of disease which 
might appear in the mouth of the worker. 
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Thus, a medical team in the field consisted of two or three physicans, 
one dentist, and one medical technician. The field team was enlarged 
by the addition of an extra physician or technician when it was desired 
to complete the work especially rapidly at a plant. 

The team performed its work at the plant sites by using a suitably 
equipped house-trailer and a special dental examination truck. The 
medical trailer, measuring approximately 8 by 28 feet, was partitioned 
into two medical examination rooms and a clinical laboratory. One of the 
medical examination rooms contained the roentgen ray equipment. The 
dental truck was constructed to house the usual dental examination 
equipment, including a dental roentgen unit. Both the medical trailer 
and dental truck were moved from plant to plant as needed. Although 
both of these units were the basic facilities used for the medical studies, 
from time to time a suitable room was provided by plant management 
to supplement these facilities. In such instances, the extra space was 
used as the clinical laboratory. 

The medical team and equipment arrived at each plant at a time 
prearranged by conference between officials of the Illinois Depart- 
ment of Public Health and the plant management. The trailer and 
truck were placed at a convenient location in the foundry yard, and 
connections were made with electric current and water. The team was 
then ready to begin its examinations. 

The foundry workers were notified through their labor organizations 
that all examinations were to be on a voluntary basis. Management 
cooperated to the fullest extent, providing suitable persons to assist 
in the assignment of the workers for the medical examinations. The 
time taken for each examination varied from 25 to 40 minutes, with 
an average of about 30 minutes. Men from all shifts were studied. 


THE MEDICAL EXAMINATION 


Figure 13 shows the dental form used, and figure 14 the medical 
form, each indicating the extent of the examination made. A manual 
of instructions for use of the forms was provided each person of 
the study team. The complete form, including occupational history, 
was filled in by the examining physician. The oral examination form 
was filled in by the dentist. The laboratory data were recorded as each 
test was completed. Data from the chest roentgenograms were re- 
corded later. 

Following the completion of the examination by the physician, the 
worker was ushered to the roentgen ray unit, where a picture was 
made of his chest. All roentgen ray exposures were made on 14 by 
17-inch films for a half of a second at 72-inch target distance, using 
appropriate voltage and amperage dependent upon the anterior- 
posterior diameter of the chest. One exposure at deep inspiration was 
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ORAL EXAMINATION Date Case No. 


Name Color Sex 


SonEbee nintntatataeata, 
“D0 DE AS Se ieiadimtpatfiatiatat) a) 














Remarks 
Calculus Type of Calculus Periclasia Enamel 
Oden 8s oh rls marek es Oreiweeer 


LIPS Normal. Abnormal GLANDS Normal Abnormal 
Inflammation Gd 28 Other Conditions 
Fissure 
Keratosis LG 22) 3k TONGUE Normal Abnormal 
Other Conditions Fissure 

Keratosis In Ge kB Bh 
GINGIVAE RIDGES Normal  Abnormel Varicosity 
Gingivitis IG i 2B} Other Conditions 
Color Change 
Tissue Tonus MANDIBLE Normal Abnormal 
Keratosis Ge 2 ae Exostosis 


Other Conditions Other Conditions 


ORAL MUCOSA Normal Abnormal NEOPLASM Present Absent 
Inflammation InG 2.2 3 

Keratosis iG oe Shale TEETH AND SUPPORTING STRUCTURES 
Other Conditions No. of Teeth Missing 

PALATE Normal Abnormal eae aig 
Inflammation ERC Nora) ae aS, Neperewecon aearcred 
Keratosis eG eek Bridges ' 

Exostosis Dentures 


Other Conditions 


VELUM Normal Abnormal 


Inflammation IGE DE es) 
Other Conditions 


DENTAL NEED 


No. of Teeth Requiring Filling 
No, of Extractions Indicated 
No. of Bridges Indicated 
Partial Denturss Upper Lower 
Full Dentures Upper Lower 
Prophylaxis 





UVULA Normal Abnormal 
Inflammation Gael e3 
Other Conditions 








Figure 13.—Oral examination form (modified). 


made for each worker. Some difficulty in the roentgenography was 
occasioned by the fact that the source of electric current was not con- 
stant because of the starting or stopping of electrical equipment within 
the plants. Some pictures were thus lost and this fact, among others, 
accounts for the discrepancy between the number of medical examina- 
tions made and the number of chest films recorded, as observed in 
table 15. In general, the roentgenograms that were interpreted were 
of good quality. 

For technical reasons it was considered advisable to develop all 
the films at the Public Health Service laboratories in Washington. 
Following this, the films were interpreted by two physicians, working 
independently of each other. Where differences in interpretation 
existed, the two readers conferred for a decision. In all instances, the 
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USPHS FOUNDRY STUDY No.: : 
MEDICAL RECORD (condensed) Establishment: 


(Page 1) 
GENERAL: 
Name Address Age 
Date Birthplace Age began wk, MS WD Sep. 
Sex: M F Race: W Nw Time: Hours on shift 3; since food 
Pres, shift: From to . Wkly hrs.: Usual Max. 





Family physician 
OCCUPATIONAL HISTORY 


Specific job Department or industry Remarks 


Pres. 


Prev, Eo ee 


ane Ee) 
‘ alee Total@s| Garver Seca 
Chron, dis, in family: Toc. Silicosis Other 
HABITS: (Encircle positive items) Alcohol: B W L Tobacco: Cts. Cgrs. P. Ch. Sn. 
Drugs: Hours sleep: Baths: 
PREVIOUS ILLNESSES, INJURIES, Oh OPERATIONS: 
Préume Sin. infec. Hernia 
YIC5_ Hrt. dis. Oper. & Inj. 
Bronch ees Skin dis. Vv. D. 
Fleurs ht Rheum. Other (Spec. ) 
Asthma Colds past yr. 
Summa ry 
SYMPTOMATOLOGY: 
~ GENERAL: Weak Mal, Drowsy Allergy Nervous 
EYES: Pain Disch. Tear, Photophobia Vis. dist. 
EARS: Hear, Tin, Disch, Pain Other 
NEURO-iM.: Vert. Parest,. HA Insom. Irritab, 
Musc. weak. Musc. pain dnt. pain 
CARDIO-RESP.;: Palp. Dysp._ Edema Syn. 
Chest pain Hoarse Cough Expec. 
Hemopt. C. Cold Epist. 
Gi: Abd, pain N or V Anor. Diar. Const. 
GU: Dysuria Hemat, Noct, Freq. Disch. 
SKIN: 


OTHER AND REMARKS: 


Figure 14 (front)—Medical examination form (condensed). 


films were interpreted with the medical records available, but these 
records were only referred to when necessary for proper interpretation 
of the more obscure cases. 

Following the taking of the chest film, the medical technician made 
examinations of the blood and urine. The worker was asked to void 
his urine into a suitable container, in the presence of the technician. 
The urine was studied for the presence of albumin by the heat and 
acetic acid test and for the presence of glucose by Benedict’s qualita- 
tive solution. Microsopic review of the centrifuged urinary sediment 
was made of those specimens showing albumin. 

Obtaining 10 cubic centimeters of blood by puncture of the ante- 
cubital vein, the technician placed about 5 cubic centimeters into a 
test tube for the serological test for syphilis and the remaining 5 cubic 
centimeters into a tube containing 6 milligrams of ammonium oxalate 
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MEDICAL RECORD (condensed) 
(Page 2)’ 


PHYSICAL EXAMINATION: 


APPEARANCE: 
Development GP Nutrition G P 





Pallor Jaundice Cyanosis 
Iho Wt. Pulse 
Resp. rate Temp. 

EYES: 


Dist. vis. — Assisted: R 20/ L 20/ 
Pupils - Irregular 
Unequal 
Fail to react to light 
Fail to react to accom, 
Lids —- 
Conjunctiva and sclera — 
Cornea 
Cataract — 
Exophthalmos —- 
Strabismus 
CHEST AND LUNGS: 
Chest - Assym. Flat Barrel 
Funnel Pigeon Grooved 
Spine — Scoliosis R IL 
Kyph. Lordo. 
Inspection 
Palpation 
Percussion 
Auscultation 
CARDIOVASCULAR: 
Apex beat — Palpable 
Outside midclav. line 


Interspace 
Heart sounds - Agy = €P2 
Murmur — Syst. Diast. Presyst. apic. 
Rhythm irregular basal 


Blood pressure — 


POSITIVE FINDINGS: 


X-RAY INTERPRETATION: 


Film condition —-G F P 


EARS; 
External ear — 
Purulent disch. = 
Drums — 
Hearing — 
NOSE: 
Marked obstruction ~ 
Enlarged turbinates — 
Septum deviation - 
Perforation of septum 
THROAT: 
Tonsils — Absent Present 
Infected 1 2 3 
Pharynx — Inflamed 1 2 3 
Ulceration 
NECK: 


EXTREMITIES: 
Skeletal Abnormalities — 
Hands and nails —- 


Reflexes — 
Patellar: Incr. Decr. Abs. 
Ankle: Incr, Decr. Abs. 


Peripheral vessels: 
Beaded Sclerotic Tortuous 
Gait - 


Adenopathy = 
Cervical 
- axillary 
SKIN; 





Emphysema = J] 2 3 


Lung field markings - Linear l 2 Calcification — Hiler Parenchymal 
GG ls wie Heart or aorta enlarged -1 2 3 
Nod. 2 Diaphragm — Adhesions Oblit. Angles 
: Conglom. Other 
LABORATORY FINDINGS: URINE: 
Serodiagnostic test Appearance 
BLOOD peciily name Sp. gr. 
Sed. rate Album. 
Hemato. Glyco, 
RBC Microscopic — 
WBC RBC / npf WBC /npt 
Hb. Casts /npf 
VITAL CAPACITY: 
Signature 


Figure 14 (back).—Medical examination form (condensed). 


and 4 milligrams of potassium oxalate as the dry anticoagulant for the 
other studies (61, 62). Blood smears were made of the fresh blood. 
All the serological tests for syphilis were made by the Illinois 
Department of Public Health. The Kahn test was done routinely and 
confirmed as necessary by other tests. The blood smears were stained 
with Wright’s stain for later study. The erythrocyte and leucocyte 
counts were made by standard methods, and the hemoglobin estima- 
tions were done by the use of the Haden-Hausser hemoglobinometer 
(63). The blood sedimentation rate, later corrected for hematocrit 
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determinations, was made by using Wintrobe tubes (62), with read- 
ings taken at the end of one hour. The blood contained in the same 
Wintrobe tube was then centrifuged for 30 minutes at 2,500 revolu- 
tions per minute, and the hematocrit reading recorded. The Wintrobe 
indexes (62)—the mean corpuscular volume, the mean corpuscular 
hemoglobin, and the mean corpuscular hemoglobin concentration— 
were calculated from the erythrocyte count, the hemoglobin estimation, 
and the hematocrit by using a suitable nomogram. The vital capacity 
reading was then made, allowing the worker to make three tests. The 
highest of the three was recorded as the vital capacity. A standard 
water replacement type of spirometer was used for this purpose. 

After being processed by the technician, the foundrymen were 
examined by a dentist. With the aid of a good source of light, exami- 
nations were made of the teeth as well as the other structures in the 
oral cavity. Bite-wing roentgenographic exposures were made of a 
representative number of the workmen. 


Table 15—Major medical studies made of male workers in 16 ferrous 
foundries in Illinois 





Number of 
Study workers 








Bhyeical "xan a ton se 2 cp tyap seek eee ee Ogee eee eee ee 1,937 
Chestrroentvenoeramsa soe ee 2 ie So ee ee 1,824 
Oraltexa mina (ONS sets eee Seine ee Oe ee Se 1,903 
Wise lac tyes alae Oe ED ae ee ene Se ee eet ee ee 1,742 
Vital CADACl iy eee Nae eho ee: woe. ter One Sey ae ae ee 1,864 
TG ete ee eee ee eh ot” ee had et) ed 1 655 
Blood: 
IP VAhroC yleyCOUN LS nem = ete eh arcs, fe eee ee 591 
Lieu cOCibe COUN US a, oaks Sea nie el ne Sah Aoe ok, cee ee ee ee 1,529 
Hemoglobin estamations 2) a See oe ee ee 1,528 
Hematocrit determinations_________-__- ee ye eae ele. tee ot 15928 
HEeyGnrocy beiseclmen Ua CLO a, Ves ae meee a eee ye ee 1,921 
Kahne teste tase ate ei. alte oie he ee ee ee ee 1,894 








The major medical studies and the number of workers associated 
with each are shown in table 15. With the exception of the erythrocyte 
counts, all examinations were made routinely on each worker who 
presented himself. The erythrocyte counts were not begun until exami- 
nations were made at the eleventh plant. Except for the erythrocyte 
counts, the variation in number of the different types of examinations 
is due in part to the inadvertent omission of certain tests or the refusal 
of workers to take them—difficulties usually attendant at such studies. 
As indicated previously, the 16 ferrous foundries studied employed 
about 2,000 persons, of whom 1,937 were medically studied. 
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Results of Medical Studies 


Each medical record was reviewed, interpretations of the data were 
made as necessary, and, finally, the material was analyzed. Medical 
findings were correlated with each other, and certain medical findings 
were correlated with environmental data when it appeared that these 
procedures would be useful. 


CHARACTERISTICS OF EXAMINED WORKERS 


Socio-economic influences are known to be of significance in health 
and disease. Thus, the place of birth, race, age, sex, marital status, 
personal habits, hours of work, time in foundry work, and occupation 
were analyzed. | 


Birthplace 


Of the workers questioned, and for whom this information was 
recorded, 980, or 51 percent, were born in the State of Illinois or in 
the immediately adjacent states. The remaining 49 percent were born 
in states distant from Illinois or in foreign countries. Of the distant 
states represented, the nonwhite population weighted the data toward 
the southern part of the country. The 498 foundrymen who were 
foreign-born were predominantly from southern and eastern Europe. 
When the individual plants were considered for the number of persons 
born in foreign lands, the rate was found to vary markedly, ranging 
from 8 percent to 70 percent. 


Race 


Of the 1,937 medical examinations made, 1,341, or 69 percent, were 
of white persons, and 31 percent were of nonwhite, all Negroes. The 
percentage of workers of the different races that might be employed 
in foundries in the United States will be found to vary with many 
factors, among which is the section of the country. For example, in a 
study of 4,066 foundrymen made in New York State (35), nonwhite 
workers constituted 4.4 percent of the total. 


Age 


Table 16 shows the age distribution of the foundry population 
studied. The median age was 40.7 years, which is similar to that 
observed for open-hearth steelworkers recently studied by the Public 
Health Service (64). It is to be noted that, whereas the nonwhite 
workers show a maximum frequency at the 25 to 29-year age group, 
the white population shows two maximums at age groups 30 to 34 
and 55 to 59 years. This has been observed in other studies made 
by the Public Health Service in the past. Wide variation of age 
srouping was observed from plant to plant. Compared with industrial 
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Table 16.—Age distribution of examined male workers in 16 ferrous 
foundries in Illinois, according to race 





Number Percent 
Age (years) 





Total White | Nonwhite | Total White | Nonwhite 





Total See eee 1,937 34h 596 100.0 100.0 100.0 
Under20 re seese 45 31 14 Dea) ys 2.4 
DOH 24 cae Yate ear 171 84 87 8.8 Gao 14.6 
pAre 48 Perens gay, cess 208 112 96 10.7 8.4 16.1 
B0—b4 2. cee. see 270 176 94. 13.9 lay 15.8 
SOO Ee a ere ee 246 153 93 G27 1154 15=6 
AQ 445 ee ek 201 130 cal 10.4 9.7 11.9 
AD-49 22 Aen ee ee Ss lz, 112 60 8.9 ibe 10.1 
DO D4 se oes Sa e ae 189 146 43 9.8 10.9 i 
STi geile oe ee ee OA 191 169 22 9.9 1226 bas 
6026421 2 eae 165 154 11 Sid Tiss 1.8 
GosOTZO VET aoe aa 79 74 5 4.1 5.5 8 








workers in the United States as a whole (65), the foundry workers 
of this study as a group ranked about five years older. 


Sex 


Although the present study limited its examinations to males, it 
is not to be inferred that women are not employed in the ferrous 
foundry industry. For the month of September 1949, for example, 
approximately five percent of the workers in the ferrous foundries of 
the United States were women (66). 


Marital Status 


Eighty percent of the workers were married; 14 percent, single; 
and the remainder, widowed, separated or divorced. This was similar 
to other industrial groups recently studied by the Public Health 
Service. 


Personal Habits 


It is of some interest that on the subject for which greatest inac- 
curacy might be expected—that is, imbibition of alcoholic beverages— 
the data obtained followed very closely those recorded by other 
examiners of the Public Health Service for a comparable industrial 
group (64). In the present study, 17 percent denied the use of alco- 
holic beverages; 33 percent admitted the use of only beer and wine; 
50 percent said they drank beer, wine, and stronger spirits. The degree 
to which they indulged in these beverages was not determined. 
Although the use of alcoholic beverages varied from plant to plant, 
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a positive association was found between the percentage of foreign- 
born workers in a plant and the taking of alcohol in any form, gen- 
erally as wine. 

Eighty-five percent of the workers said that they used tobacco in 
some form. Of these, 80 percent smoked, and the other 5 percent used 
snuff or chewed tobacco. The older age groups did less smoking and 
more chewing or snuffing of tobacco. These data conform to our find- 
ings in similar occupational groups which we have studied. 

Hours spent in sleep were recorded as eight or nine by 68 percent 
of the foundrymen, A few spent only 5 hours in sleep, while 5 percent 
slept 10 hours each day. The longer hours of sleep occurred more 
commonly among the older foundrymen. 

Fifty-three percent of the workers said that they took daily baths. 
This was appreciably higher than in two other cleaner industries that 
we recently studied. 


Hours of Work 


In a consideration of disease states, such as silicosis, due to long 
industrial exposure, it would be expected that the time spent in a 
given industrial environment would be directly related to the disease 
condition which might be created by that environment. Thus, not only 
is the number of years spent in the industry of consequence, but the 
weekly number of hours spent on the job may also be important. The 
number of hours of work per week spent in the occupation by most 
of the persons in the present study group was 40. 

Since the number of hours per week spent in foundry work during 
the war years (1940-45) might have been sufficiently different to 
have caused certain abnormalities in our findings, the wartime experi- 
ence was also considered in the study. Information available indicated 
that, during those years, ferrous foundrymen worked an average of 
48 hours per week. The difference between the peacetime hours and 
the wartime hours is a factor of 20 percent. Thus, the 5-year war 
period, when converted for present purposes into peacetime years, 
would constitute six years of exposure, a difference of only one year. 
This appears to be of doubtful significance in the present study in 
view of the many years of exposure necessary to produce pulmonary 
fibrosis in this industry. 


Years in Foundry Work 


The significant factor of years worked in ferrous foundries is shown 
in table 17. It is felt that-an adequate sample; from this point of view, 
is represented in the study group, since 12.5 percent had spent 30 years 
or more in foundry work; 24.8 percent, 20 years or more; and 45.1 per- 
cent, 10 years or more. As might be expected, close correlation was 
found between increasing age and years spent in foundry work. It was 
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Table 17.—Distribution of years in ferrous foundries of examined male 
workers in 16 foundries in Illinois, according to race 























Number Percent 
Years in a 
ferrous foundries 

Total White | Nonwhite | Total White | Nonwhite 
“Lotalo eee st 11,937: | 11,341 596 100.0 100.0 100.0 
bese: than dae ae eee 690 330 360 35.6 24.6 60.4 
ag Oca ecg ne Ak ole 259 114 19.3 19.3 19.1 
LOT AA ee Fi Pe o. 240 193 47 ees 14.4 7.9 
bon LU eee cee 155 22 ol 7.9 oe | Dine 
PAE te Oh Mee ep ed Me acy See 139 119 20 fae, 8.9 34 
De 20s. ater eee 99 84 15 Dal Ons DAO 
SUE oy ede weed ao Aes 92 86 6 4.7 6.4 120) 
ED got Rik ee WR ek pect BS» 70 68 2 ee Dal me 
A AA et tole te 46 45 1 PD 23 Ome 2 

ALOU LO Viel, eek iene at an 34 34 0 1.8 Die) 0 




















- 1Qne with years in ferrous foundries not stated. 


observed that the nonwhite workers on the average had spent fewer 
years in the industry than had the white. 


Occupation 


Questioning the men about their occupations prior to foundry work 
elicited the following interesting facts. Twenty-three percent of the 
men had come to the foundry from work in agriculture, forestry, or 
fishing. Approximately 4 percent came from trades where there might 
have been excessive dust in the occupation. Of special importance are 
considerations of the employment at the time of the examination and 
of the workers’ previous occupations in foundries. These are the two 
factors which must be given prominence in the correlations to be made 
with health status. 

Separate consideration is given to present occupation and principal 
occupation. It will be at once apparent that those disease conditions 
dependent for their development on long periods of exposure might 
be correlated with principal’ occupation; whereas, those conditions 
dependent for their genesis on very recent occupational exposure 
should have only the present occupation considered. The principal 
occupation represents the particular broad occupational group fol- 
lowed for the greatest number of years while working in foundries. 
If the individual foundryman worked at two or more occupations for 
the same number of years, the most recent is considered as the prin- 
cipal one. Analysis was made of each medical history, and the principal 
occupation determined, the present occupation being easily observed 
from those records. 
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Table 18 shows the division of the 1,937 men into various detailed 
occupations. Since the gray iron and steel foundries differ somewhat 
in this regard, separation of the two is made in the table. 


Consideration of each of the job classifications separately in the 
correlations with the medical findings would have resulted in such 
small numbers of workers as to make such correlations of doubtful 
value. For this reason the job classes were grouped into larger seg- 
ments. This classification has the further advantage that for each 
of four of the six categories the environmental conditions are essen- 
tially similar for the job classes included under that category. The 
SIX major occupational groups are: coremaker, molder, cleaning and 
finishing, shakeout, maintenance and supervisory, and laborer and 
other. The latter two are the heterogeneous groups. 


Tables 19 and 20, using the six occupational groups, show a dis- 
tribution of the foundry workers by principal and present occupation, 
respectively. It will be observed from the tables that the percentage 
of workers in the various occupational groups does not differ much 
when comparison is made between present and principal occupations. 
There appears to be a tendency, noted for both races and for each 
of the age groups, for the present occupation to have fewer molders, 
cleaners and finishers, and more of the groups of maintenance and 
supervisory workers and laborers. In further evaluating the relation- 
ship of present to principal occupation of the individual foundryman, 
it was generally found that in over 80 percent of instances the present 
and principal occupations were identical. 


MEDICAL FINDINGS 


Previous Illness 


Inquiry concerning certain previous illnesses revealed that 20 per- 
cent of those examined had had pneumonia (lobar or bronchial) or 
pleurisy, 4 percent had chronic bronchitis, and 1.5 percent had heart 
disease. In 13 percent there existed one or more of the following 
chronic diseases of the cardiorespiratory system: bronchial asthma, 
heart disease, nasal sinusitis, and chronic bronchitis. 


Present Symptoms 


As indicated in the medical examination form, figure 13, specific 
inquiry was made into a series of symptoms which the worker might 
have had at the time of the examination. It was noted that the workers 
admitted most frequently to having symptoms of cough, dyspnea, and 
muscular or joint pains. Some of this information will be considered 
again when the dust effects on the lungs are discussed. 
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Table 18—Number of workers in detailed principal occupations of 
male workers in 16 ferrous foundries in Illinois according to type 
of foundry and race 



















































































Gray iron foundries Steel foundries 
Race Race 
Principal occupation Mate ao 
Total Total 
Non- Non- 
White white White white 
LP Ota Saeed Be ee Me. Ae a A, Oe 1,267 930 one 670 411 259 
COREMAKER S-se 2 eos so Oe ae 149 141 8 95 Ths 22 
INL OLD ER ea es Se ee ee ee ee 416 328 88 134 (P 62 
CLEANING AND FINISHING 22 2242s ee 180 126 54 162 101 61 
Cleaning and finishing department 
WOLICES MU SIOC Cli CC) ane een seen 25 18 if 33 20 13 
WMDs OUST CG Ieee ee eee a 3 2 1 34 24 10 
Chipper and grinder, cther than swing 
TINT CCT Be Rae ae em Ec oe Pe ae 69 50 19 40 24 16 
Sancdigblasbenrsers eae eae sae we Peneoeeeee 16 8 8 18 7 Al 
Tee HIS? COSMO, 4 < 2 ee See 6 4 2 0 0 0) 
IBUTneres eee ee See eee Le ee ee ee 3 3 0 28 21 7 
SHAWOMNE AY AMICI eS 48 36 12 9 4, 4 
Other cleaning and finishing department 
WOTKEGLS 6 ty Jone ent_pese nb ee ee eS 10 5 5 0) 0 0 
SHAKE O Us shee See SRS 2 ee ee ieee eee 161 69 92 65 15 59 
Sand conditioning worker___._.-____-- 7 5 2 7 0 of 
Seyunel amber, lobiNGl oe ee 3 il 2 0 0 0 
SknnGl iamiere, iaaeyelnve =. 3 ne ee 15 12 3 11 5 6 
Ha CO Ute ween ete sl eS 136 51 85 47 10 3 
MAINTENANCE AND SUPERVISORY.._-___---- 103 101 2 69 64 5 
Maintenance men, unspecified__.______ 16 16 0 19 17 2 
Carpentertrenk. ee eee eo Bee eae 8 8 0 J 1 0 
Flectricians 252 2 ee tee fee ee ee 0 0 0 5 D 0 
INiechani ca ee? as ae aes ei 1 1 0 3 3 0 
IRE ssa aived Chis, Spee ee eee en ST let Oe y 1 1 11 al 0 
OTIC CEVCOLK C1 ye see eee Peas ee 8 8 0 2 2 0 
Shipping, receiving clerk____.________- 12 12 0 5 3 2 
Supervisory, employee___ 22-22-5252. _ 4 35 34 1 18 18 0 
(Cuieinel, weweliingin ee 1 1 0 4 38 1 
Ratterngii akties a ee ee eee ae 20 20 0 1 1 0 
GABORER AND? O THE R a= ete aes nee 258 165 93 145 86 59 
Weélterads 52 ne supe tee BAS aaa 0 0 0 22 14 8 
@upola inane eee oe ee ae eee 67 4] 26 1 1 0 
Electric furnace operator__________---- il 1 0 12 9 3 
Reverberatory furnace operator________ 1 1 0) 1 0 1 
FATT C2) GISeeee Ne rks eye = eae te aie oo i rag ees 5 4 1 0 0 0 
POUTEr et Oe ed ee Loe. a beeen 38 11 Fy 8 1 7 
IBTICKIIAS OL eae eee ee oe ee ees 3 2 i 1 1 0) 
All other production workers. _______-- 13 10 3 18 16 2 
Graneloperatores see ae ane ae 16 14 2 30 22 8 
Sweeper, cleaner, janitor______________ 6 4 2 4 2 2 
Wanclimnena, wewels olivier... ne 27 20 if 4 4 0 
| BN ove) a(S}, See, peels ote ease Ok, ae Hee 81 ba 24 44 16 28 
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Weight Deviation 


The foundrymen were weighed clad in their work clothes except 
their shirts. Calculation of the weight deviation for each worker from 
the average weight of insured men of similar age and height (67) 
yielded the distribution of percentage deviations reflected in table 21. 
The table shows, furthermore, that the percentage weight deviations 
of the present study group were distributed in a manner similar to 
those of the open-hearth steelmen, another industrial group studied 
by the Public Health Service (64). 


Table 21.—Distribution of male workers in 16 ferrous foundries in 
Illinois by percent weight deviation from the average weight of men 
of their height and age according to life insurance tables, compared 
with open-hearth steelworkers 





Number Percent 
Percent weight 














deviation from average 
Foundry Open-hearth Foundry Open-hearth 
workers steelworkers? workers steelworkers? 
SE Od ailee s82 axe, Se 1,678 322 100.0 100.0 
Dor bores sbelow 2% 2.2252 7 3 oS) 9 
£5 to) 24 below s...22. 2 {3h 20 7.8 6.2 
Sto 4 below: 2222. 409 Ge 24.4 23.9 
Se hee eer ye ns & 479 100 28.5 311 
5 to 4 above. o2._ =. 337 68 20.1 2451 
i540. 24 above 4.2. 22" 183 38 10.9 its 
25 10-04 aD0VEs4 =. / 83 13) 4.9 3 A 
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Eye Findings 


By the use of the Keystone Telebinocular (68), tests for acuity 
of distant vision were made of 1,742 foundrymen. All tests were made 
with the worker wearing the corrective spectacles he used at his work. 
This served the purpose of testing his occupational visual acuity. 

Other than possible effects upon vision from infrared rays emanat- 
ing from the hot metal, seriously doubted by some observers (69), 
adverse effects on the eye might be found in this industry as a result 
of the dust floating in the air or the fast-moving particulate matter 
thrown into the air by certain of the chipping, grinding, and polishing 
processes. To the extent that examination was made for eye effects of 
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infrared rays, no significant abnormalities were observed in this study. 
Particulate matter in the air of the working environment may cause 
damage to the conjunctiva and cornea and, less frequently, to the 
deeper eye structures. When such damage occurs to the cornea, it 
may in some instances be painless but result in dystrophic changes 
(70-72). 

Study of the distribution of the visual acuity findings, divided 
according to the degree of dustiness of the industrial exposure in the 
principal occupation and according to the presence in the workroom 
air of high-speed particles involved in the operation concerned, 
appeared to show no differences. Although it is recognized that the 
proper use of eye protective equipment will appreciably lower the 
incidence of eye injuries, no weight was given in this evaluation to 
the wearing of eye protective apparatus. 

To test further the possibility that the degree of dustiness of the 
occupation may have caused damage to the eyes, the incidence of 
certain eye symptoms and signs was correlated with the occupations of 
the foundrymen at the time of the examination. It was found that 
neither the symptom of photophobia nor the objective sign of con- 
junctival congestion was significantly related to any of the six major 
job categories, in spite of the fact that the dustiness of these job cate- 
gories varied, as shown in table 9. 


Nose 


The examination of the nasal cavity was made with the use of a 
good light and a nasal speculum. In many workers accumulations of 
the foundry dust were found at the nares and deeper inside the nasal 
cavity. In three instances the cartilaginous septum was found to be 
perforated. A review of the medical records of the three foundrymen 
so affected showed that one had had a submucous resection of the 
septal cartilage, which could have accounted for the condition. No 
apparent reason for the condition could be found in the other two 
workers, whose principal occupetions were coremaker and casting 
cleaner, respectively. 


Hernia 


During the examination, a check was also made for inguinal hernia 
by observation and palpation of the scrotal sac as well as both inguinal 
canals, with the worker in the standing position. Considering pre- 
viously existent hernias as well as those brought to light at the time 
of the examination, a rate of 11 percent was found. No relationship 
was found between the presence of hernia and occupation. 

Inguinal hernia was present at the time of the physical examination 
in 2.3 percent of the workers. For a large series of iron and steel 
workers recently reported, the incidence of hernia on examination was 
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4.3 percent (73). The difference in the findings for the two series of 
men may possibly have been due to the differences in the examiners 
and the criteria used in the two studies. 


Skin 

Dermatologists participated in the study to the extent of conferring 
with the regular examining physicians, reviewing the dermatologic 
data recorded on the medical examination forms, and visiting the 
foundry in which an outbreak of dermatitis occurred. The medical 
records showed that, at the time of the examination, 251 foundrymen 
had some type of skin disease, which was most likely industrial in 
origin in 33 instances, or in 1.7 percent of the total examined. The 33 
cases were distributed as follows: occupational contact dermatitis, 12; 
heat rash, 18; and occupational acne, 3. The cases were distributed in 
a random manner through all of the occupational groups. 


In the course of the study one of the plants had an outbreak of 
contact dermatitis. The cases all occurred among coremakers and 
were shown by patch tests to be caused probably by a phenol- 
formaldehyde resin which was being newly used as the sand-binding 
material. With the institution of the customary protective measures, 
such as protective clothing, barrier creams, and personal cleanliness, 
new cases ceased to occur. It may be of interest to observe that, since 
the completion of the field studies of this investigation, other instances 
of dermatitis outbreaks among coremakers have come to the attention 
of the Public Health Service. In all cases, the occurrence of disease 
was halted by the adoption of protective measures 


Joint and Muscle Pains 


Reports of joint pains as well as muscular aches and pains have 
been related to occupations involving exposure to high environmental 
heat, as in the foundry industry, where the worker may be exposed 
to rapid changes of temperature. Correlation of complaints of muscle 
and joint pains with occupational group, both for principal and present 
occupation in which exposure to elevated temperatures varied from 
group to group, failed to show that any one group had these complaints 
significantly more frequently than any other. 


Cardiovascular-renal Disease 


Blood pressure readings, made after a five to ten minute rest period 
with the worker seated, are shown in table 22, compared with similarly 
obtained data in the open-hearth steel industry (64). While the dif- 
ference between the blood pressures of the two groups of workers is 
not spectacular, it may be noted that for each age group the blood 
pressures of the foundrymen. were consistently below those for the 
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open-hearth steelmen. Since there was an observed racial variation 
of blood pressure, the white workers having somewhat higher readings 
than the nonwhite, a test was made of the blood pressures of only the 
white foundrymen and the blood pressures of the white open-hearth 
steelmen. This, again, suggested that in the present study group the 
blood pressures were slightly lower for all age groups. 


Table 22.—Mean systolic and diastolic blood pressures of male 
workers in 16 ferrous foundries in Illinois compared with male 
open-hearth steelworkers, according to age 
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Blood pressures of over 140 mm systolic or 90 mm diastolic, or 
both, were found in 240 foundrymen, or 13.2 percent. When these 
were distributed according to principal occupation and years in that 
occupation, no association was evident. 


Study was made of those foundrymen whose blood pressures were 
recorded as either 160 mm systolic or higher or 100 mm diastolic or 
higher, or at both of these elevated levels. As would be expected, the 
201 foundrymen so affected were specially of the older age groups. 
When the data were corrected for age, it was found that the elevated 
blood pressures showed a positive association with increasing degrees 


of pulmonary fibrosis, the reason for which was not apparent. See 
table 23. 


It is of interest to note that there was a progressive increase in the 
incidence of elevated blood pressures as the hours at work increased. 
This refers especially to those examinations made during the day shift 


and is in conformity with the recognized diurnal blood pressure varia- 
tion (74, 75). 
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Table 23.—Roentgenographic pulmonary markings of the 201 males 
in 16 ferrous fouridries in Illinois who had systolic blood pressure 
of 160 mm of mercury or over and/or diastolic blood pressure of 
100 mm of mercury or over, according to age 
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1 Includes persons with roentgenographic pulmonary markings not stated. 


In addition to the blood pressure records, the medical study 
included, in the single examination of each worker, the following for 
evaluation of cardiac status: (1) Medical history; (2) medical 
examination, including palpation and auscultation of the heart; (3) 
blood Kahn serological test for syphilis; and (4) the chest roentgen- 
ogram taken at 6-foot target distance. It is recognized that to make a 
diagnosis of heart disease would require other pertinent data, such as 
an electrocardiogarm as well as study of the worker on more than 
one occasion. With the limitations imposed by these facts, however, 
each clinical record was reviewed and an opinion recorded as to the 
presence or absence of heart disease; and, if heart disease were sus- 
pected, record was made of its etiological diagnosis according to the 
criteria of the New York Heart Association (76). It was found that 
the data were, in general, similar to the cardiac findings in other studies 
made by the Public Health Service in recent years. 

The cardiac status in silicosis has been studied by many investi- 
gators (77-89). However, this has centered about right-sided cardiac 
hypertrophy due to advanced silicosis; that is, conglomerate silicosis. 
In the present study, only one case of this stage of the lung disease 
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was observed, and thus it would not be expected that cardiac complica- 
tions would be prominent. 

The studies made of the kidneys were limited to urine examina- 
tions. Albuminuria was present in 28 single specimens examined. The 
examination of the urinary sediment, restricted to those urines having 
albumin, showed a significant number of erythrocytes in 10 specimens, 
excessive number of leucocytes in 6, and hyaline or finely granular 
casts in 8. The occupational distribution of the workers who mani- 
fested albuminuria was a random one. Their age distribution was not 
remarkable. As might be expected, it was found that hypertension was 
associated with albuminuria in some instances. Study of the records 
of these cases showed no unusual factors in either occupation or 
medical history. 

At this point it is noted that the urine examinations were positive 
for the presence of glucose in 0.5 percent, or eight cases, an incidence 
which was similar to that of other studies of industrial groups recently 
made by the Public Health Service. Seven were for white persons and 
one for a nonwhite worker. Four were known diabetics who were 
under therapy for the disease. 


Blood Studies 


The Kahn serological test for syphilis was done on all blood speci- 
mens submitted to the laboratories of the Illinois State Department 
of Public Health. Satisfactory tests were made for 1,894 of the foundry- 
men and were reported as positive for 87, or 4.6 percent. Classified by 
race, it was found that 2.1 percent of the single blood specimens of 
the white foundrymen gave positive Kahn tests, and 10.3 percent of 
the nonwhite gave positive tests. This is in harmony with other pub- 
lished reports. (90,91). 

The erythrocyte counts of the foundrymen are shown in table 24 
compared with those of the open-hearth steelmen recently studied 
(64). It appears from this table that the erythrocyte counts in the 
present study group were significantly lower than in the other group. 

On the other hand, the total leucocyte counts of the foundrymen 
compared with those of the open-hearth steel workers, shown in table 
25, were not significantly different. 

Hemoglobin values are recorded in table 26, compared with similar 
data for open-hearth steel workers. The data indicate that the hemo- 
globin values for the foundrymen were significantly lower than those 
of the open-hearth steelmen. 

Correlations with occupation of erythrocyte counts, leucocyte counts, 
and hemoglobin estimations, respectively, showed no association. 

Since erythrocyte counts and hemoglobin estimations, respectively, 
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Table 24.—Erythrocyte counts for male workers in 16 ferrous 
foundries in Illinois compared with male open-hearth steelworkers 
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Table 25.—Distribution of total leucocyte counts for male workers 
in 16 ferrous foundries in Illinois compared with open-hearth steel- 


workers 


Total leucocyte 
count per mm 
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Table 26.—Hemoglobin values for male workers in 16 ferrous foundries 
in Illinois compared with open-hearth steelworkers 
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were found to be lower for the total foundry population studied when 
compared with the open-hearth steelmen, and specific occupations in 
the foundry did not account for the difference, it would appear that 
factors other than the industry were probably responsible for this 
situation. For example, geographic differences between the locations 
of the two groups and dietary influences may be responsible for the 
blood variations. 

Comparative data for hematocrit levels were available for male 
shipyard workers (92) and are shown in table 27, together with hema- 
tocrit levels for the foundrymen. No significant differences are manifest 


Table 27—Hematocrit readings for male workers in 16 ferrous 
foundries 1n Illinois compared with male shipyard workers 
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between the two groups. Similar observations were made for cor- 
rected erythrocyte sedimentation rates as shown in table 28. 


Table 28.—Corrected sedimentation rates of erythrocytes for male 
workers in 16 ferrous foundries in Illinois compared with male 
shipyard workers 
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Various studies of occupational diseases have indicated significant 
or suggestive alterations from normal of the mean corpuscular volume, 
the mean corpuscular hemoglobin, and the mean corpuscular hemo- 
globin concentration (93-96). Calculations of these indexes (62, 97, 
98), made for the present study group, are shown in tables 29, 30, and 
31. A comparable industrial group was not available to us. 


Table 29.—Mean corpuscular volume of blood of male workers in 
16 ferrous foundries in Illinois, according to race 
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Table 30.—Mean corpuscular hemoglobin of blood of male workers in 
16 ferrous foundries in Illinois, according to race 
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Table 31.—Mean corpuscular hemoglobin concentration of blood of 
male workers in 16 ferrous foundries in Illinois, by race 
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Since differences were noted in the total erythrocyte counts between 
the foundrymen and the open-hearth steelmen, special study was made 
of the records showing arbitrarily selected degrees of variation from 
normal. The six records showing elevations above 5.7 millions per 
cubic millimeter and the seven showing depressions of 3.5 millions 
or less per cubic millimeter were reviewed. 

The six cases with the high erythrocyte counts had no common 
factor, either in their medical or work histories, which might have 
accounted for the condition. They did not show any remarkable 
degree of pulmonary fibrosis, since all the workers involved had 
degrees of fibrosis limited to ground glass one or less. (See figure 15 
and accompanying text for classification of degrees of pulmonary 
fibrosis. ) 

Of the seven records indicating that low erythrocyte counts were 
present in the workers, in two, the anemia was probably related etio- 
logically to cardiovascular-renal-hypertensive disease, and, in three 
others, it was possibly of dietary origin. In one, it was probably due 
to urinary blood loss of unknown etiology, and, in the final case, no 
reason for the anemia was manifest. 

Correlations of all the blood. studies with degrees of pulmonary 
fibrosis appear later in this report. 


Vital Capacity 


Estimation of pulmonary failure based on vital capacity determina- 
tion is at best a doubtful procedure (99). However, since the use of 
the more accurate methods of measuring pulmonary capacity and its 
various components (100-103) was not feasible in this investigation, 
it was believed that vital capacity studies might be of some value. 
The vital capacity records were used as actual readings, rather than 
making calculations as to their percentage of normal (104-107). This 
was done since the study group provided its own control by virtue of 
the fact that dustiness varied with occupation as did the degree of 
pulmonary fibrosis observed. 


Table 32 shows the vital capacity readings distributed by age 
groups. It is apparent from this table that these data are in accord 
with similar data reported by others (99), with an anticipated 
decrease in vital capacity with increasing age. 


Compared with the vital capacity data of a recent study of a some- 
what younger age group in which a similar pulmonary dust hazard 
did not exist in the occupation, and correcting for the factor of age, 
no significant differences were observed. When the foundrymen were 
divided into those who smoked tobacco and those who did not, it was 
found that the vital capacity observations were similar for the two 
groups. 
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Table 32.—Vital capacity of male workers in 16 ferrous foundries in 
Illinois, according to age and race 
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Examination was made of the vital capacities by principal occupa- 
tional groups and years in those occupations. No important associa- 
tion was found. Correlation of vital capacities with observed degrees 
of pulmonary fibrosis appears later in this report. 


Chest Roentgenograms 


In evaluating the effect of dust on the lungs, the chest roentgeno- 
gram is of paramount importance. This is especially true in exposures 
to silica dust, as in the present study. Many investigations of the 
effects on the lungs of silica dust inhalation have amply documented 
the importance of the roentgenographic findings. It is not to be 
inferred, however, that correlative medical data, such as history and 
physical examination, as well as occupational history, are not to be 
obtained. On the contrary, these data are of great significance, espe- 
cially for differential diagnosis. 


All films, as indicated above, were interpreted by each of two 
physicians working independently. Where difference of opinion of the 
interpretation existed, it was resolved by conference between the two 
interpreters. Assistance from experts in the field of pulmonary tubercu- 
losis studies was obtained for reading those films which were con- 
sidered suspicious of that disease. 
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As in previous studies of the industrial pulmonary dust diseases 
made by the Public Health Service, the findings were classified accord- 
ing to intensity of linear fibrosis, appearance of graininess (ground 
glass), and nodulation. Figure 15 shows graphically the scheme 
used to represent the various stages in the progression of the pul- 
monary fibrotic state due to silica dust inhalation. Figures 16 to 22, 
inclusive, typical of roentgenograms from the present study, are 
shown, together with the pertinent clinical data for each. 


Generally, films indicated as normal, linear exaggeration one, and 
linear exaggeration two, may be considered as being within normal 
limits or due to lung changes unrelated to the dustiness of the occupa- 
tional environment. The ground glass one appearance may or may 
not be due to the dust in the environment. Films showing the ground 
glass two appearance, with the history of exposure to silica dust and 
with other medical findings essentially negative, are strongly sug- 
gestive of an effect due to the dust of the occupational environment. 
Generalized nodulation and conglomerate masses of nodules appear- 
ing in the roentgenogram, together with the data of an occupational 
exposure to silica dust and the other medical data, signify lung changes 
due to the dust. 


PULMONARY TUBERCULOSIS.—The criteria for interpreting the stage 
of reinfection type of pulmonary tuberculosis in this study were those 
of the National Tuberculosis Association (108). The degree of activity 
of the suspected tuberculous cases was classified as probably active, 
probably inactive, or of doubtful activity, dependent upon the general 
characteristics of the roentgenographic shadows as well as upon the 
clinical data. Pulmonary tuberculosis was suspected from the roent- 
genogram in 25 workers. Review of the clinical records of the workers 
together with the roentgenograms revealed that the disease was prob- 
ably active in 5, probably inactive in 8, and of doubtful activity in 12. 
It is recognized that activity of pulmonary tuberculous lesions cannot 
be evaluated on the basis of one roentgenographic examination and 
one medical examination, especially in the absence of sputum studies. 
The sputum examinations were omitted from this study since it was 
felt that obtaining such specimens would introduce difficulties which 
the value of such single specimens would not counterbalance. The 
data concerning the findings for pulmonary tuberculosis must, there- 
fore, be accepted with caution. Further, it is noted that in at least some 
instances the onset of the disease may have preceded the time the 
worker was employed in the foundry industry. This factor could not 
be fully evaluated since pre-employment chest roentgenograms were 
not available to us. 
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Figure 15. Scheme Representing the Sequence of Lung-Field Mark- 
ings in a Typical Case of Uncomplicated Silicosis. 
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Figure 16. A typical roentgenogram 
showing normal lung markings. 
Schematic presentation shown on 
right. 





Case 2-19, age 20, white male, was born in IIlinois. He was employed 
three months as floor molder’s helper and three months as laborer 
in a gray iron foundry. His previous medical history was negative 
except for a tonsillectomy and sprained knee. 


His only complaint was occasional abdominal pain associated with 
exertion. His physical examination was not remarkable. Blood 
pressure was 120/70. His temperature was 98.6° F., pulse 60, and 
respiration 14 per minute. Urine examination was negative. The hemo- 
globin estimation was 17 grams. His white blood cell count was 9,000 
with a differential count of 55 percent neutrophils, 37 lymphocytes, 
and eight percent monocytes. The corrected erythrocyte sedimentation 
rate at the end of one hour was one millimeter and hematocrit was 
42 percent. The mean corpuscular hemoglobin concentration was 40 
percent. His vital capacity was 4.6 liters. His chest roentgenogram 
was read as normal. 
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Figure 17. A typical roentgenogram 
showing linear one stage of “fibro- 
sis.” Schematic presentation shown 
on left. 





Case 15-40, age 25, Negro, male. He was a shakeout man in a gray 
iron foundry for two and one half years. 

Physical examination was negative. Blood pressure was 130/82. 
His temperature was 98.6° F., pulse 72, and respiration 20. 

The urine examination was negative. The erythrocyte count was 
5.32 million, hemoglobin determination 16 grams, and white blood 
cell count 9,300 with a differential count of 66 per cent neutrophils, 
three percent eosinophils, 28 percent lymphocytes and three percent 
monocytes. The corrected erythrocyte sedimentation rate was eight 
millimeters at the end of one hour and the hematocrit was 54 percent. 
The mean corpuscular volume was 102 cubic microns, mean corpuscu- 
lar hemoglobin 30 micromicrograms and mean corpuscular hemoglobin 
concentration 30 percent. The Kahn test was negative. His vital 


capacity was 2.4 liters. His chest roentgenogram was read as showing 
linear one stage of “fibrosis.” 


88 





Figure 18. A typical roentgenogram 
showing linear two stage of “fibro- 
sis.” Schematic presentation shown 
on right. 





Case 1-46, age 31, Negro, male. A molder’s apprentice in a gray iron 
foundry for three years. Before that he was a sawmill laborer for two 
years, truck driver one year, and army technician three years. 


Physical examination was negative. Blood pressure was 120/80. 
His temperature was 98.8° F., pulse 80, and respiration 28. 


Hemoglobin examination showed 18 grams, and the white blood 
cell count was 8,000 with a differential count of 69 percent neutrophils, 
one percent eosinophils, 24 percent lymphocytes and five percent 
monocytes. The corrected erythrocyte sedimentation rate was one mil- 
limeter at the end of one hour and the hematocrit was 46 percent. The 
mean corpuscular hemoglobin concentration was 39 percent. Kahn test 
was negative. 


His vital capacity was 3.5 liters and his roentgenogram showed 
linear two pulmonary “fibrosis.” 
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Figure 19. A typical roentgenogram 
showing ground glass one stage of 
“fibrosis.” Schematic presentation 
shown on left. 


Case 5-23, age 72, white male. He was a bench molder in gray 
iron foundries for 50 years. 

He complained of occasional pain in his left shoulder. Examination 
showed him an obese individual with a barrel chest and kyphosis. 

Heart sounds were distant with an occasional extrasystole. Blood 
pressure was 148/78. The temperature was 98.8° F., pulse 80, and 
respiration 28. 

The hemoglobin estimation was 16 grams and the white blood cell 
count was 13,000 with a differential count of 65 percent neutrophils, 
two percent eosinophils, one percent basophils, 22 percent lympho- 
cytes, and 10 percent monocytes. The corrected erythrocyte sedimenta- 
tion rate was nine millimeters at the end of one hour and hematocrit 
was 47 percent. The mean corpuscular hemoglobin concentration was 
33 percent. The Kahn test was negative. 

His vital capacity was 3.3 liters. The roentgenogram was read as 
showing ground glass one pulmonary “fibrosis.” 
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Figure 20. A typical roentgenogram 
showing ground glass two stage of 
“fibrosis.” Schematic presentation 
shown on right. 
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Case 4-9, age 32, male, married, was born in Illinois. He was 
employed as coremaker for 11 years in a gray iron foundry. His pre- 
vious history was negative with the exception of fractures of the left 
forearm and right ring finger. 

Physical examination showed evidence of moderately impaired 
hearing of the left ear, inflammation of the nasal mucosa, and infected 
tonsils. Blood pressure was 118/80. His temperature was 98.6° F., 
pulse 74, and respiration 20. 

The urine examination was negative. He showed a hemoglobin of 
17 grams and a white blood cell count of 9,000 with a differential 
count of 74 percent neutrophils, 23 percent lymphocytes and three 
percent monocytes. His corrected erythrocyte sedimentation rate was 
eight millimeters at the end of one hour and hematocrit was 44 per- 
cent. The mean corpuscular hemoglobin concentration was 39 percent. 
The Kahn test was negative. 

His vital capacity was 3.5 liters and his roentgenogram was read as 
showing ground glass two pulmonary “fibrosis” with hilar calcification. 
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Figure 21. A typical roentgenogram 
showing nodular one stage fibro- 
sis. Schematic presentation shown 
on left. 





Case 10-161, age 58, white male. He was a cleaner and finisher 
(grinder) for 39 years in a steel foundry. Except for a mastoidectomy 
in 1926 and an appendectomy in 1945, his past history was negative. 

He had no complaints on examination. Physical examination showed 
marked nasal septum deviation and scarring of both eardrums with 
impaired hearing in the right ear. Blood pressure was 160/80. His 
temperature was 98.8° F., pulse 76, and respiration 18. 

The hemoglobin determination was 14 grams and white blood cell 
count 10,300 with a differential count of 63 percent neutrophils, four 
percent eosinophils, 28 percent lymphocytes and five percent mono- 
cytes. The corrected erythrocyte sedimentation rate was 11 mm at the 
end of one hour and hematocrit was 38 percent. The mean corpuscular 
hemoglobin concentration was 37 percent. The Kahn test was negative. 

The vital capacity was 3.5 liters and his roentgenogram was read 
as showing nodular one pulmonary fibrosis. 
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Figure 22. A typical roentgenogram 
showing nodular stage two fibro- 
sis. Schematic presentation shown 
on right. 





Case 9-112, age 57, white male. He was a bench molder for 36 years 
in a gray iron foundry. 


Examination of his chest showed somewhat limited motion, 
decreased resonance and diminished breath sounds. Blood pressure was 
156/90. His temperature was 98.4° F., pulse 60, and respiration 18. 


The hemoglobin estimation was 13 grams and the white cell count 
was 9,400 with a differential count of 62 percent neutrophils, two 
percent eosinophils, 34 percent lymphocytes and two percent mono- 
cytes. The corrected erythrocyte sedimentation rate was 38 mm at the 
end of one hour and the hematocrit was 34 percent. The mean corpus- 
cular hemoglobin concentration was 38 percent. The Kahn test was 
negative. 


His vital capacity was 4.1 liters and his roentgenogram was read 
as showing nodular two pulmonary fibrosis. 
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Table 33 shows the pertinent data for the cases of pulmonary tuber- 
culosis. It will be observed that the reinfection type of the disease was 
found in 21 white workers and in 4 nonwhite, which yields a rate of 
0.7 percent for the white and 1.7 percent for the nonwhite workers. 
While it is recognized that the methodology pursued in another study 
for pulmonary tuberculosis incidence in the area in which the foundries 
were located was somewhat different from that used in the present 
study, the data from the other survey are presented because of their 
possible interest. In that survey the rates for suspected pulmonary 
tuberculosis, based upon almost 300,000 roentgenograms, were reported 
as 1.75 percent for white adults of both sexes and 1.32 percent for the 
nonwhite (109). In regard to this difference in rates, the importance 
of the fact that the nonwhite men were generally employed in the 
foundry industry for a shorter period of time than the white men can- 
not be evaluated at this time. The age distribution of the tuberculous 
workers in the present study ranged from 29 to 72 years, with an 
occurrence of 19 cases in the over-50 age group. 

The relationship of the dustiness of the occupation in the foundry 
industry to the incidence of pulmonary tuberculosis has been discussed 
by many investigators (17, 34, 35, 110-113). In the present study the 
relationship of pulmonary tuberculosis incidence to that of pulmonary 
fibrosis was tested for significance, and none was found. In the same 
vein, it is noted that tuberculous infection was not observed as a com- 
plication among the workers with nodular silicosis. 

Study was made to determine whether or not dustiness of occupa- 
tion was itself associated with an increased incidence of pulmonary 
tuberculosis. Comparison was thus made between the two categories 
of cleaners and finishers, and coremakers, of which the former was 
exposed to appreciably more dust than the latter. In these two work 
categories, it was found that for employees whose roentgenograms 
showed markings read as normal, linear one, and linear two, conditions 
regarded as not being related to the dust, no differences existed for 
the incidence of pulmonary tuberculosis. This was found for those 
with less than 10 years in the occupation as well as those whose work 
experience extended beyond 10 years. These data indicate that dusti- 
ness of occupation, as it occurred in the ferrous foundry industry 
in this study, was probably not asscciated with a greater or less I‘ke- 
lihood for the development of pulmonary tuberculosis. 

Pulmonary tuberculosis was found more frequently among the steel 
than the gray iron foundrymen. Thus, whereas the steel foundrymen 
made up 30 percent of the total study group of 1,937 men, they con- 
stituted 60 percent of the cases of tuberculosis. It was found that the 
probability that such a distribution of the tuberculous cases between 
the two groups might occur by chance alone was one in a hundred, 
indicating that the difference was significant. 
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PULMONARY FIBROSIS.—Chest roentgenograms were made of 1,824 
of the 1,037 workers examined in this study. Using the classification 
and criteria described in figure 15, it was found that 36, or 2.0 percent, 
manifested normal lung markings; 517, or 28.3 percent, showed linear 
one markings; 728, or 39.9 percent, showed linear two markings; 375, 
or 20.6 percent, ground glass one; 140, or 7.7 percent, ground glass 
two; 24, or 1.3 percent, stage one nodular; 3, or 0.16 percent, stage two 
nodular; and 1, or 0.05 percent, stage three nodular, or conglomerate 
silicosis. 

Since we examined only those foundrymen who were at work at 
the time of the study, it is quite likely that the incidence of pulmonary 
fibrosis observed was lower than had actually occurred in the industry. 
Obviously, those with manifest lung disease, which might have been 
found previous to our study, had left the employment. For example, 
a review of Illinois compensation records of ferrous foundry workers 
who had instituted claims for chronic pulmonary disease during the 
years 1941-47 showed there were 89 cases. Of these, 58 were for 
silicosis; 23, for silico-tuberculosis; and 8, for tuberculosis. Only 15 
of the claimants were over 60 years of age. 


The data on the incidence of pulmonary fibrosis, compared with 
studies made by the Public Health Service in other industries 
(114-115) having a silica hazard, and for which similar data were 
available, are shown in table 34. It appears from this table that the 
foundrymen have a somewhat greater tendency than either the coal 
miners or metal miners to develop the ground glass two roentgeno- 
graphic appearance relatively early. However, among the foundry 
workers, there is a lesser tendency for the disease to progress to the 
nodular stage. Thus, after 20 years of exposure in the occupation, the 
foundrymen show a 20.9 percent incidence of ground glass two stage 
of fibrosis and 4.9 percent incidence of nodular silicosis; whereas, the 
corresponding rates for the metal miners are 5.8 and 21.4 percent. 
Among the coal miners the rates for roentgenograms showing ground 
glass two and nodular fibrosis are 7.8 and 2.6, respectively. 


At this point it might be well to consider the subject of iron deposi- 
tion in the lungs and its possible relationship to the roentgenographic 
appearance of silicosis, a matter which has evoked international 
interest for some years. The earliest notation on this point that we 
could find in the medical literature dates back to 1919 to a personal 
communication in which Holland (117) mentioned this possibility, 
since he recognized the relative opacity of iron to roentgen rays. 
Holland’s reference was to the possible occurrence of this condition in 
iron miners. 


Iron mining was thus the first industry in which this possibility was 
considered. Other occupations that have received attention in this 
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Table 34.— Roent genographic pulmonary markings of male workers 
in 16 ferrous foundries in Illinois compared with male workers in 


Utah coal mines' and Utah metal mines? according to years in 
industry 





Roentgenographiec pulmonary markings 
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1 Reference 114. 
2 Reference 115. 
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regard have been silver polishing, welding, boiler scaling, and, finally, 
foundry work. The literature (118-120) on the subject concerning 
iron miners is to a large extent contradictory. Some data indicated that 
iron of itself caused fibrosis; others showed that the iron compounds 
modified the roentgenographic appearance of fibrosis due to silica. 
Experimental work done with the compounds from iron mines have 
similarly been contradictory (121, 122). Rouge (ferric oxide), when 
inhaled by silver polishers in their occupation, has been shown to pro- 
duce a roentgenographic appearance of “diffuse fibrosis”; autopsy, 
however, failed to show fibrotic changes (123). Animal experimenta- 
tion with rouge manifested similar results (124). 


Electric arc welders are known to be exposed in some instances to 
appreciable amounts of iron and compounds of iron in the form of 
fume. Cases have been reported by different investigators (125-133) 
in which it was suggested that the roentgenographic appearances of 
“fibrosis and nodulation” were in fact due to focal deposition of iron 
rather than actual fibrotic changes. In five instances, autopsies were 
available confirming this concept (126, 134, 135). There have been 
some who have disagreed with the concept and who have held the 
belief that the lung changes were truly fibrotic and were due to the 
silica or asbestos present in the welding rods (136, 137). Results of 
physiologic tests in cases of welders’ siderosis have not been consistent 
(138-140). 

Boiler scalers who are exposed to appreciable amounts of iron com- 
pounds as well as free silica have been shown to develop pulmonary 
“fibrotic” changes which, on roentgenography, have appeared much 
more extensive than autopsy data were able to confirm (141-147). It 
was believed that here, too, deposition of iron caused the roentgeno- 
graphic appearance. 


Finally, in the case of foundry workers, it is suggested that deposi- 
tion of iron accounts for modification of the silicotic process as well as 
production of part of the chest roentgenographic appearance itself 
(56, 127, 128, 148-151). This, it has been alleged, is especially the 
case in casting cleaners. 

The foregoing data seem to point to the following facts: (1) That 
electric arc welders who may be exposed to high concentrations of 
welding fumes may develop iron deposition in the lungs which in some 
instances is roentgenographically very difficult to distinguish from 
nodular silicosis, but which is not associated with pulmonary fibrosis; 
and (2) that in exposure to iron and silica dust together, there may 
be a modification of the fibrotic process by the simultaneous presence 
of the two agents, the iron causing a slowing of the fibrotic process. 

In the present investigation, the matter of iron deposition in the 
lungs received limited attention. The incidence of the various degrees 
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of pulmonary roentgenographic markings was compared for cleaners 
and finishers, and sandblasters, of which the former were exposed to 
relatively higher levels of iron dust, as shown by example in table 3. 
This comparison failed to show that the exposure to the larger amounts 
of iron resulted in appreciably more marked pulmonary roentgeno- 
graphic markings. 

The 11 roentgenograms of the casting cleaners and finishers which 
showed nodulation were reviewed and compared with a similar group 
of roentgenograms of foundry workers whose exposure to iron was 
very much less. Again no differences were apparent in the two sets of 
roentgenograms. From the limited study of this problem it would 
appear, therefore, that the data in the present survey do not support 
the concept that the factor of iron is of significance in the roentgeno- 
graphic appearance of the lungs in foundry workers. It is pointed out, 
however, that 28 cases, the number of workers in the present study 
who showed nodular fibrosis, were too few to permit a more thorough 
evaluation of this problem. Only when adequate autopsy material 
becomes available for such cases will this matter possibly be satis- 
factorily clarified. 


The medical records of the 28 persons whose chest roentgenograms 
showed nodular fibrosis were reviewed, and the significant data from 
these case records are shown in table 35. The men ranged in age from 
45 to 73 years; 23 of them were over 50 years of age. It will be 
observed from the table that all were white persons. The absence of 
nonwhite workers in this series may possibly be explained by the fact 
that the nonwhite had spent significantly fewer years in foundry work 
as observed in this study. 


Examination of the occupational histories of the group revealed that 
18 were gray iron workers and 10, steel workers, a ratio similar to 
that of these groups in the entire study. Of the 18 iron workers, 14 
had the principal occupation of molder, two were cleaners and 
finishers, one was a laborer, and one, a shakeout man. Of the steel 
foundrymen, 9 were cleaners and finishers, and 1 was a laborer. The 
time spent in the principal occupation by each of the men approxi- 
mated closely the total years each had spent in foundry work; that is, 
14 to 52 years. There were 2 men whose years in foundry work were 
less than 14; 1 had 13, and the other five years of foundry experience. 
The first of these had been a burner for a significant part of his life in 
foundry work and may fall into the category of persons exposed to 
appreciable amounts of iron fume, a group so well described by Hamlin 
(149). For the second worker, whose experience in the foundry was 
allegedly five years, there were many reasons why his history was 
considered unreliable. 


Three of the workers with nodular fibrosis gave a history of prob- 
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ably significant inorganic dust exposure in other activities prior to their 
foundry experience; one was employed in brick and tile manufacturing, 
one performed welding, and the third worked in a brick yard. 

Among the 18 gray iron foundrymen with nodular fibrosis there 
were 14 molders; 11 with nodular stage one, 2 with nodular stage two, 
and 1 with nodular stage three. The remaining gray iron foundrymen 
were two cleaners and finishers, one laborer and one shakeout man, 
all with nodular one stage of fibrosis. Of the 10 steel foundrymen, 8 
cleaners and finishers had nodular stage one fibrosis, one cleaner and 
finisher had nodular stage two, and one shakeout man had nodular 
stage one fibrosis. It thus appears that for the iron foundrymen the 
molders have a higher incidence of nodular silicosis; whereas,. for the 
steel workers the cleaners and finishers have the higher incidence. 
The high incidence rate for the molders among the gray iron foundry- 
men is probably due to their long exposure. Of the two iron foundry- 
men, with nodular two fibrosis, one had more than 25 years’ experience. 
The one man with conglomerate silicosis had 52 years in his occupa- 
tion as a molder. Six of the nine steel workers with nodular one stage 
of fibrosis had 25 years or more of experience. The one steel worker 
with nodular two fibrosis had 34 years in his principal occupation. 

Review of the symptoms of this group revealed that four complained 
of cough and one of chest pain. It is of interest to note that in no 
instance was dyspnea recorded. Vital capacity ranged from 2.4 to 4.5 
liters, with the distribution of the vital capacity records for the group 
similar to that of the total group studied, when correction was made 
for age. Comparison of the various hematologic studies for this series 
with those of the entire group of foundrymen showed no significant 
differences when correction was made for age. 


Correlation of Pulmonary Fibrosis 
with Other Data 


PULMONARY FIBROSIS AND PREVIOUS OCCUPATION.—As mentioned 
above, there were 73 foundrymen, approximately four percent, whose 
work histories included periods during which their employments were 
in dusty trades, other than foundry work. Of these, 67 had been miners; 
56 in coal and 11 in miscellaneous kinds of mining. Of the remaining 
six, one had worked in a coal mine and a pottery; one, as a stone 
cutter; two, in stone quarries; and two, in rock crushing. 

The medical and historical data for each of these men were 
reviewed. On the basis of the general knowledge of the degree and 
nature of the dustiness of their former trades, as well as upon the 
time spent in the former and present occupations, efforts were made 
to determine what influence the former dusty occupation probably had 
upon the degree of pulmonary fibrosis observed in the present study. 
It was believed that in only a relatively small number was there a 
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likelihood that the former occupation was etiologically of importance. 
All of these had ground glass roentgenographic changes, some having 
ground glass one and some, ground glass two. It is of some interest to 
note that, of the 28 foundrymen showing nodular fibrosis, only three 
had work histories of previously limited dust exposure; one had been 
employed in a brick yard; and a second, in brick and tile manufactur- 
ing; the third was a worker who had been a welder previously. 


On the basis of the foregoing data, it is not felt that previous occupa- 
tion in a dusty trade, other than in foundries, had a significant influ- 
ence on the degree of pulmonary fibrosis observed in this study. 
Further evidence lending support to this observation was found by 
comparing the frequency in this study of the occurrence of previous 


dusty occupations of groups showing varying degrees of pulmonary 
fibrosis. 


It is not possible to evaluate fully for the foundrymen studied pre- 
vious dustiness in ferrous foundry work. As has previously been stated 
in this report, there is good reason to believe that dust conditions in 
general in the foundry industry have improved in the past 10 to 20 
years. The lower dust levels found in our study and another recent 
study (20), as compared to those found in earlier investigations, tend 
to bear this out. Thus, it is likely that in many instances the pulmonary 
fibrosis observed was due in great part to higher dust concentrations 
which probably existed 10, 15, or more years previously in foundries. 


PULMONARY FIBROSIS AND PRINCIPAL OCCUPATION.—Tables 36 and 
37 show the incidence rates of pulmonary fibrosis, as observed by 
roentgenogram, for the various occupational groups of the ferrous 
foundrymen according to years of experience. It will be observed from 
these tables that pulmonary fibrosis, in the degrees of ground glass 
two and nodular, occurred in 10.0 percent of the total of gray iron 
workers, and for the steel workers a percent of 7.9 was yielded; the 
difference between these two rates was not statistically significant and 
is contrary to many previous reports of foundry studies (32, 36, 38, 
49). In both types of ferrous foundry workers there was a progressive 
increase of incidence rates with increasing years of exposure from less 
than ten to over 20 years. Further, the fact that no significant differ- 
ence was found between the incidence rates of pulmonary fibrosis 
between gray iron foundrymen and steel foundrymen was not due to 
any difference in years of exposure between these two groups, each 
considered as a whole, since the average number of years of experience 
of gray iron foundrymen and of steel foundrymen respectively was 
approximately the same in this study. 

Reference is now made to column A of table 10 from which it will 
be observed that the weighted dust exposures as defined were 3.2 
mppcf for shakeout men, 2.7 for cleaners and finishers, 2.7 for molders, 
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Table 36.—Distribution of males in 16 ferrous foundries in Illinois 
with respect to degree of roentgenographic pulmonary markings 
according to years in principal occupation for gray iron and steel 


foundries 
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and 1.0 for coremakers, all for gray iron foundrymen. Thus, all other 
factors being equal, it might be expected that the frequency of the 
occurrence of pulmonary fibrosis would be in proportion to those 
weighted dust exposures. From tables 37 and 10 it is noted that, in 
the gray iron foundrymen, among the four occupational groups of 
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Table 37.—Percent of male workers in gray iron foundries in Illinois 
with roentgenographic pulmonary markings of ground glass two or 


nodular according to years in principal occupation (derived from 
table 36) 
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shakeout men, molders, cleaners and finishers, and coremakers, the 
incidence rates of pulmonary fibrosis show a trend in the expected 
direction; that is, as the weighted dust exposures decrease, the rates 
for pulmonary fibrosis decrease. This trend is probably somewhat more 
apparent when the groups of molders, and cleaners and finishers, the 
two occupational classes having similar dust exposures, are considered 
together. 

The major aberration observed in table 37 is that there are no 
cases of pulmonary fibrosis among the shakeout men after 20 years 
at this occupation. This is in part probably due to the fact that there 
were only eight shakeout men with such a length of experience. 

It is pointed out that there was a higher incidence rate for fibrosis 
among the molders than among cleaners and finishers, in both of 
which the weighted dust exposures were similar. This difference may 
possibly be accounted for by the fact that molders had more years 
of experience in their occupation. Further, the iron content was appreci- 
ably higher for the cleaners and finishers than it was for the molders. 
The part that iron itself may have played in the roentgenographic 
appearances observed cannot be evaluated at this time. This matter 
was discussed in detail in another section of this report. 

Knowledge of particle size distribution of inorganic dust which may 
be inhaled is of importance in the evaluation of the effects of the dust. 
In this study such measurements were made and appear in table 4. It 
is doubted that the moderate variations noted are of physiological 
significance for the airborne dust of the ferrous foundry. 


PULMONARY FIBROSIS AND HISTORY OF FAMILIAL 'TUBERCULOSIS.—It 
is generally accepted that not all persons equally exposed to silica 
dust develop silicosis. Similarly, not all persons equally exposed to 


104 


tubercle bacilli develop the reinfection type of pulmonary tubercu- 
losis (152-155). The basis of susceptibility and immunity is not fully 
understood in either of these instances. In the present study, it 
appeared useful to test whether or not, in both instances, a similar 
mechanism might be operative. Since heredity is accepted by many 
as a factor in susceptibility to tuberculosis, the incidence of pulmonary 
fibrotic changes due to the silica dust in the ferrous foundries was 
tested against the occurrence of a history of familial tuberculosis. No 
such relationship was found since those whose lungs showed the degree 
of fibrosis of ground glass two or evidence of further advanced fibrosis, 
had a familial pulmonary tuberculosis incidence not significantly 
different from those who did not have such roentgen evidence of 
pulmonary fibrosis. } 


PULMONARY FIBROSIS AND OTHER DISEASE ENTITIES OF RESPIRATORY 
AND CARDIOVASCULAR SYSTEMS.—The diseases considered were bron- 
chial asthma, chronic nasal sinusitis, pleurisy or pneumonia, chronic 
tracheobronchitis, and heart disease. These diseases, when tested 
separately, as well as a group, failed to show significant correlation 
with the occurrence of pulmonary fibrosis. 


PULMONARY FIBROSIS AND CERTAIN SYMPTOMS, PULSE RATE, AND 
WEIGHT DEVIATIONS.—The pulmonary roentgenographic findings were 
correlated with the symptoms generally believed to be most fre- 
quently associated with silicosis; namely, dyspnea, cough, and chest 
discomfort (or pain). Only cough and dyspnea were found to be 
positively associated with the degree of pulmonary fibrosis to the 
extent that such fibrosis occurred in this study. 

The pulse rates did not show association with the degrees of pul- 
monary fibrosis. 

The findings in this study of the deviation of the weight from the 
average were discussed previously. When the data were distributed 
according to observed degrees of pulmonary fibrosis, no association 
was evident. This is not surprising in view of the fact that in this study 
there was only one case of conglomerate silicosis and no instances of 
silico-tuberculosis. 


PULMONARY FIBROSIS AND FREQUENCY OF COMMON COLD.—Data on 
the frequency of the common cold were divided into two groups, of 
which the first represented those workers who gave histories of hav- 
ing had two or less colds during the previous year and the second 
represented those who had had more than two colds during that time. 
Recognizing the difficulty of obtaining reliable information about 
common cold frequency beyond the previous year, we believed that 
one might, for present purposes only, consider the frequency of this 
disease for the past year as representing possibly its frequency in 
other years as well. These data, when correlated with the observed 
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pulmonary fibrotic conditions, failed to show association. Thus, it 
would seem that the history of frequent common colds, as here defined, 
does not make more or less likely the development of pulmonary 
fibrosis from exposure to siliceous dust as found in the present study. 


PULMONARY FIBROSIS AND BLOOD FINDINGS.—Reports on the blood 
findings in pulmonary fibrotic conditions due to inorganic dusts, 
especially silica, have appeared from time to time in the medical 
literature (156-165). In a study reported from the Public Health 
Service (166), suggestive data of a positive relationship in this regard 
were reported for erythrocyte sedimentation rate and for differential 
leucocyte count. The hematologic data collected in the present study 
permitted further extension of these observations. 


It was found that, whereas no correlation with degree of pulmonary 
fibrosis existed for erythrocyte count, hematecrit value, hemoglobin 
estimation, mean corpuscular volume, mean corpuscular hemoglobin, 
and mean corpuscular hemoglobin concentration, significant correla- 
tions were found between the degree of lung changes and the total 
leucocyte count as well as with the corrected erythrocyte sedimenta- 
tion rate (tables 38 and 39). As the degree of pulmonary fibrosis 
increased for the group, the total leucocyte counts were elevated, and 
the corrected erythrocyte sedimentation rates were found to be more 
rapid. Similar observations have been made by others and have been 
variously interpreted (157, 158). 


The present data do not warrant the opinion that the blood changes 
observed indicate infection superimposed on the pulmonary fibrosis. 
Rather, it appears that the lung fibrosis may itself be associated with 
an elevated leucocyte count and an increased erythrocyte sedimenta- 
tion rate, confirming an opinion expressed in recent publications on 
this subject (157, 158). It is of interest to note that for the 28 cases of 
nodular silicosis the corrected sedimentation rate after one hour was 
over ten millimeters in 16 persons and under ten millimeters in 11 
persons. The one worker with conglomerate silicosis had a sed:menta- 
tion rate of five millimeters. 

It is recognized that conglomerate silicosis, a condition sometimes 
associated with an increase of erythrocyte count and hemoglobin, 
occurred in only one instance in the present study. Thus, it is to be 
noted that to the degree that pulmonary fibrosis was found in this 
study, there was a tendency for the erythrocyte sedimentation rates 
to be accelerated and the total leucocyte counts to be elevated. 

Consideration was given to the possibility that the presence of com- 
plicating pulmonary tuberculosis could have been responsible for the 
accelerated erythrocyte sedimentation rate. This factor appeared to 
be of doubtful importance in the present study for the following 
reasons: (1) Tuberculosis was not found in any of the 28 cases of 
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Table 38.—Total leucocyte counts for male workers in 16 ferrous 
foundries in Illinois according to roentgenographic pulmonary 
markings 
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nodular fibrosis observed; (2) the erythrocyte sedimentation rates 
observed for the 25 cases of pulmonary tuberculosis found in this 
study ranged from 5 to 23 millimeters, with a mean of 13 millimeters; 
and (3) these cases were too few to affect the average of the sedi- 
mentation rates observed for the relatively large number of cases of 
diffuse pulmonary fibrosis studied. 


Increased speed of settling of erythrocytes occurs in many disease 
states and is therefore a nonspecific test, as is the occurrence of leuco- 
cytosis or an elevated temperature. Thus, in general, it is used to call 
attention to occult diseases or as a means of gauging the progress of 
recognized disease states. In the present study, the presence of certain 
of such disease states, which could have given rise to an acceleration 





of the sedimentation rate, was likely. Nevertheless, there is no reason 
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Table 39.—Corrected sedimentation rates of erythrocytes for male 
workers in 16 ferrous foundries in Illinois according to roentgeno- 


graphic pulmonary markings and age 
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to suspect that such disease states would be more frequent in those 
with pulmonary fibrosis than they would be in those without pul- 
monary fibrosis. This last hypothesis was tested and was found to be 
the fact. Thus, it is felt that the elevated sedimentation rate was prob- 
ably due to the pulmonary fibrosis itself as it was found in the present 


study. 


PULMONARY FIBROSIS AND VITAL CAPACITY.—To the degree that 
pulmonary fibrosis was observed in the present study, it is doubtful 
that one would anticipate a decrease in vital capacity below normal. 
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Further, it must again be noted that the men examined were perform- 
ing hard labor, which they could not do with any ease had they mani- 
fested signs of respiratory failure. It is not surprising, therefore, to find 
that vital capacity in the study did not show a decline with increasing 
degree of pulmonary fibrosis. Similar observations have been made by 
others (99). 

Thus, as shown earlier in this report, the degree of dustiness in the 
occupation as well as duration of employment was coincident with 
decrease of the vital capacity. Nevertheless, this alteration was 
apparently not due to the development of pulmonary fibrosis. 


PULMONARY FIBROSIS AND TOBACCO SMOKING.—When tested, the 
data failed to show a relation between the smoking of tobacco and the 
lung roentgenogram findings. 


DENTAL FINDINGS 


Data were gathered to determine the possible effects of the direct 
action of atmospheric contaminants on the oral structures and to note 
any oral changes that may have resulted from systemic disturbances 
of occupational origin. In addition to these data, pertinent information 
was obtained on general oral health status. 

Oral examinations were performed on 1,903 employees of the 16 
ferrous foundries. The dental examination was performed concurrently 
with the medical examination, utilizing standard dental equipment. 
The conditions were recorded on the form shown as figure 14, and 
were limited to those which could be observed with the aid of a plane 
mouth mirror and a diagnostic light properly adjusted to assure 
maximum illumination. Bite-wing roentgenograms were obtained from 
a number of the men examined. 

The age distribution of the white and nonwhite worker<t who had 
a dental examination is given in table 40. It will be noted that the 


Table 40.—Number and percent of male workers in 16 ferrous 
foundries in Illinois who were given dental examinations, according 
to age and race 
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distributions are not similar. Thus, 29.9 percent of the white males 
are 55 years of age or over, as compared with only 6.1 percent of the 
nonwhite males. 


Dental Caries 


In an effort to determine whether or not any racial differences existed 
relative to dental caries, the white and nonwhite were divided into 
those with teeth, and those who were edentulous. Table 41 shows, 
according to age group, the number of untreated carious, missing, and 
filled teeth per one hundred persons. These data are presented on the 
basis of 32 teeth per person. 

In the group under 25 years of age the two races show about the 
same number of untreated carious teeth, but with advancing age the 
nonwhite exceed the white in each age group. Generally, the nonwhite 
males had more untreated caries than the white. With respect to miss- 
ing and filled teeth, respectively, the reverse is shown. It is of further 


Table 41.—Number of untreated carious teeth, missing teeth, and 
filled teeth per 100 males and number of edentulous persons among 
workers in 16 ferrous foundries 1n Illinois according to age and race 
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interest to note that for all age groups the white males had nearly 
twice as many teeth missing and more than twice as many filled as 
the nonwhite. 


In addition to comparing the data of the white and nonwhite groups, 
the rate of decayed, missing, and filled teeth for white male foundry 
workers is evaluated. For such evaluation, data for male foundry 
workers are compared with similar information from a study of mine 
and smelter workers (167). In making this comparison the third 
molars are excluded; consideration is thus given to 28 teeth for each 
mouth. The pertinent data are presented in table 42. It will be noted 
that, for all ages of the four industrial groups studied, the foundry 
workers have less untreated carious teeth. For each group studied, 
there is in general a steady decline in the number of untreated carious 
teeth with advance in age. For each respective age group the foundry 
workers have fewer teeth missing than the coal miners, metal miners, 
and smelter workers. When consideration is given to all age groups 
combined, the foundry workers have more teeth missing than the other 
groups, a condition attributable to the greater proportion of foundry 
workers who were 55 years of age and over. 


For all ages, the rate of filled teeth for the foundry worker is less 
than that of the metal mine and smelter workers but more than was 
observed among the coal miners. In the two age groups under 35 years, 
the number of teeth filled per hundred males for the foundry worker 
is greater than was observed in the metal, coal mine, and smelter 
workers, respectively, with the exception of the 25-34 year age group 
of smelter workers who presented a slightly higher rate of filled teeth. 
For age groups 35-44 and over, the metal mine and smelter workers 
have a higher rate of filled teeth than the foundry workers. Consider- 
ing each age group, the foundry workers had a higher rate of filled 
teeth than the coal miners. 


For all industries there is a gradual increase in the rate of missing 
teeth with advancing age. Generally speaking, the rate of filled teeth 
and carious teeth per hundred males steadily decreases with advancing 
age. It follows, therefore, that with the advance in age, fewer teeth 
remain to become carious or filled. When consideration is given to 
all three factors—decayed, filled, and missing teeth combined for 
respective age groups—the foundry workers have a slightly more 
favorable experience, with the exception of coal miners in ave groups 
under 34 years. 

Roentgenography was used on a limited number of workers to deter- 
mine the number of interproximal caries which had penetrated the 
enamel, in addition to those found by an examination with a mouth 
mirror and diagnostic light. For this purpose, 788 plates, containing 
two quadrants with the upper and lower biscuspids and molars, were 
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Table 42.—Number of untreated carious teeth, missing teeth, and filled 
teeth per 100 white males among workers in 16 ferrous foundries 
in Illinois according to age compared with metal mine, coal mine, 


and smelter workers 





Number of teeth per 100 males 






































Number of 
Age (years) workers 
examined | Untreated | Missing Filled 
caries 
Foundries 

Ota seers a eee 312 Neo 1,010 Dida 
WindereZ jn) nue terete tee tee 1d 234 220 470 
Dodo When Sadel ies et ee 280 198 463 504 
Bees in ee a) Oe es 272 176 874 BALL! 
ADH OA sath he oe) muck. © eileen at 256 152 W277, 163 
DOL OLEO VC reais eee ae ee ee 392 146 eae 89 

Metal mines! 

LO tales or ees ae, 690 Die 840 ale 
iticlers2 jet cheer, ee. 7 wage. 83 363 283 AID 
PASS Ge: Ge, CRU ape Ee ee 308 328 529 431 
Se ee cet eS al ee 162 230 946 352 
A OA ee ole he ah nee a 90 Lit 1,5/6 290 
DOM OVElS anus eae eee 47 285 2,083 128 

Coal mines! 

GUN cs See 459 289 927 230 
UnCere2 5 ae eas Se 70 389 297 291 
Dic Alen conten i 8 Bes Peel ge mee 155 358 498 273 
DOr We ie pe eee ee 131 268 994 281 
AE 4 eae 2. Ne ad ee on eS 82 160 1,888 61 
DOJOIFOVET EA a See a ve 21 81 2014: a2 

Smelters! 

lO te ete cee eee 1,216 239 $99 404 
Win Gris 2) wae ee ees ee is 414 281 455 
DAG ET At Siete eR eae Lerche 395 320 496 515 
Drea 2 Be eee ah, = 347 PN 939 420 
Abs 54 Sets et ee, eee a 256 138 1,386 276 
DOLOLOV Otek eee ae ete 105 76 1 Ge 188 





1 Reference 167. 


Note: Edentulous persons are included, and rates are based on 28 teeth, 
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selected from 394 persons roentgenographed. Selection of the plates 
was made on the basis of definite interpretation of the picture of each 
of the teeth present in all four quadrants. The interproximal surfaces 
of the upper and lower teeth included for interpretation were those 
between the distal surfaces of the first bicuspids and the mesial 
surfaces of the third molars. 


The 394 persons whose bite-wing roentgenograms were selected for 
study represented all age groups. With the use of a mouth mirror and 
diagnostic light, the examination of all the teeth present showed a total 
of 898 untreated carious teeth. The interpretation from the roentgeno- 
graph of the posterior areas previously described revealed the 
presence of 198 more untreated interproximal carious lesions. This 
figure represents 22 percent more carious lesions than were observed 
with the use of mouth mirror and diagnostic light alone. 


Selected Abnormalities of Oral Cavity 


Information reported in the study also included data on abnormal- 
ities and pathological conditions affecting the soft tissues and support- 
ing structures of the oral cavity. Data presented in table 43 are based 
on the abnormalities or pathological conditions of the oral structures 
affecting the lip, oral mucosa, tongue, palate, gingiva, uvula, and velum. 


The abnormalities are reported according to number and percent 
of persons affected. The conditions reported are limited to keratosis, 
leukoplakia, fissures, herpes simplex, inflammation, and varicosities. 
These data are presented principally with the thought that they may 
be of value as baseline information in future studies since comparable 
data were not available. 

In all instances, with the exception of the oral mucosa and tongue, 
the white males experienced more keratosis of the structures listed 
than the nonwhite. For the nonwhite, keratosis occurred on the buccal 
oral mucosa along the inter-dental line. This may be attributed to the 
local mechanical irritation caused during mastication by the forcing 
of the oral mucosa over the occlusal surface by the muscles that sup- 
port the buccal mucous membranes. There were no cases of leuko- 
plakia observed among the nonwhite group. 

A fissured, or scrotal tongue, is a condition described as a congenital 
malformation affecting the surface of the tongue by presenting deep 
furrows; one furrow may extend anteroposteriorly, and others, laterally 
over the entire surface (172). For the group studied little racial dif- 
ference existed with reference to this condition, as the white showed 
an incidence of 6.0 percent and the nonwhite, 6.1 percent. 

A tortuous distention of the ranine veins and their venules, referred 
to as varicosities of the tongue, was observed in 41.0 percent of the 
white and 13.0 percent of the nonwhite. It is stated that such a condi- 
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Table 43.—Number and percent of males showing selected abnormali- 
ties of oral cavity among workers in 16 ferrous foundries in I1linois 


according to race 





Race 




















Abnormality 
White Nonwhite 
Number Percent Number Percent 

Lip: 

ICES TOSIS ee ee ee ee 299 Doe 61 10.3 

Leukoplakia 3 sro) ee ne 8 0.6 0 0) 

Herpes ic eat oa 2 or eee ses 18 1.4 4 6 
Oral mucosa: 

Keratosiss: lene eee ee Zl 16.2 Lig 192T 

Reukoplakiad peas ee ee 18 1.4 0 0 
Tongue: 

INCTACOSIS = wee ee eee 10 0.8 Da 8 

PISSUTe se ne ne ee ee ee 79 6.0 36 GzI 

Varicositicess 2s ae eee bow 538 41.0 Ad a) 
alate Keratocic oman ae ene 239 Tse 26 4.4 
Gingiva: 

inflammations sense eee 665 5O0ms PAS A225 

Keratosismigiikel ac2 Les ce tere 129 9.9 8 2 ars’ 
Wy iilace nilam mation sete sete enone toe ae!) 290 49.1 
Veluinelndamimations: ae. eee 213 Nae 47 7.9 














Note: Edentulous persons are included except for inflammation of the gingiva. 


tion appears most frequently after middle age (168) and is probably 
due to old age atrophy (169). It was observed that of the white males 
who were less than 45 years of age 11.7 percent had varicosities of 
the tongue, as opposed to 71.0 percent for those 45 years of age or 
over; for similar age groups the nonwhite had only 6.2 and 38.8 per- 
cent. The number of white males affected for each of the two age 
groups was nearly twice that which was observed for the respective 
nonwhite group, while the rate of increase for both groups with the 
advance in years was almost the same. 

It is observed that for inflammation of the gingiva, uvula, and velum 
the white in all cases had a higher rate than the nonwhite. Generally 
speaking, with the exception of keratosis of the oral mucosa, the non- 
white presented a lower rate for all abnormalities of the structures 


listed than the white. 
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Attrition 


The air-borne dusts to which the foundry workers were exposed 
contained free silica, mixed silicates, iron, and traces of organic sub- 
stances. During talking, and either habitual or occasional mouth 
breathing, these dusts enter the oral cavity, and those with abrasive 
qualities may affect the teeth, resulting in attrition or the wearing away 
of tooth structure. 


Table 44.—Number and percent of males showing attrition of the 
teeth among workers 1n 16 ferrous foundries in Illinois according 
to age, compared with steelworkers 























Open-hearth! and steel 
wire? workers Foundry workers 
Age (years) 
With attrition With attrition 
Total 5 Total 
examined examined 
Number | Percent Number | Percent 
Total es" 530 70 Loe 1,668 329 1977 
Winder so. oO ast. JAS 8) AOD, 676 18 Dh 
SOA a eee et ps 117 ie Te salt 397 46 11-6 
Date a PES, ola ee 116 18 L525 296 84 28.4 
OOM OVCIs so =. 82 30 36.6 299 181 60.5 

















1 Reference 64. 
* Unpublished data. 
Note: Edentulous persons are excluded. 


In an effort to ascertain the extent that air-borne dusts may have 
affected the foundry workers’ teeth, a comparison was made of the 
percent of workers affected in this industry with similar information 
in other industries. Differences in the incidence of attrition for each 
group were noted. For this purpose, the data from a study conducted 
among open-hearth furnace (64) and steel wire workers (170) were 
combined and are presented with data of the foundry workers in table 
44. It will be observed that 19.7 percent of the foundry workers have 
attrition, as compared to 13.2 percent for the open-hearth and steel 
wire workers. For the foundry workers there is a rapid increase from 
2.7 to 60.5 percent of the persons with attrition in the age groups 
from under 35 years to 55 years and over, while the comparison group 
increased from 4.2 percent to 36.6 percent for the same age groups. 

The percentage of persons affected with attrition is less for the 
foundry workers in the group under 35 years of age and approximately 
the same in the age group 35 to 44, but there appears a marked dif- 
ference in the age groups of 45 and over when compared to corre- 
sponding ages of the open-hearth and steel wire workers. Among the 
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foundry workers, 12.9 percent more persons in ages 45 to 54 years 
and 23.9 percent more in the age group 55 years and over are affected 
with attrition. Since these absolute differences are statistically sig- 
nificant, they suggest that extrinsic factors present in the foundry 
workers’ environment may be responsible for this difference. 

From the foregoing, it is noted that attrition of the teeth was expe- 
rienced by more foundry workers than other industrial workers selected 
for comparison. To determine the extent to which such extrinsic fac- 
tors as abrasive air-borne dusts may contribute to the wearing away 
of the teeth of the foundry workers, a study was made of the different 
occupations where the dust concentrations were known to vary. For 
this purpose, the workers were divided into four occupational cate- 
gories; namely, coremakers, molders, cleaners and finishers, and a 
miscellaneous group consisting of maintenance and _ supervisory 
employees, laborers and others, and shakeout men. The number and 
percent of persons with attrition and the number of years in their 
principal occupation are presented in table 45. Since no significant 
difference with regard to attrition was noted between the white and 
nonwhite groups who had the same number of years in the same 
occupation, these groups were combined in comparing the different 
occupational categories. It is recognized that different individuals have 
varying degrees of hardness of tooth structure. However, it is reason- 


Table 45.—Number and percent of males showing attrition of the 
teeth among workers in 16 ferrous foundries in Illinois according 
to years in principal occupation 





Years in principal | Cleaning Miscel- 
occupation Total Coremaker | Molder _jand finishing} Janeous! 








Number with attrition 








(VOUA LEE eee = 327 24 127 75 101 

O20 seeat reece tee 99 5 18 26 50 

10-1925 eee 79 ) 18 ol 21 

DOOTIOVEr Ase eetes 149 10 oN 18 30 
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Percent of all foundry workers 











AKa eh an epee 19.6 | 12.6 27.4 24.7 14.2 
9 Beet ae oe tee Seo Dat 7.8 12.3 9.3 
LOSLO 222. Se ewes 20.4 IGal 20.7 47.0 20.6 
ZO OVIO Vela pees 51.9 21.3 62.8 66.7 44] 








1 Includes shakeout, maintenance and supervisory, and laborer and other. 
Note: Edentulous persons are excluded. 
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able to assume that workers with varying degrees of tooth hardness 
were equally distributed in each occupational group. Also, a certain 
amount of increase in attrition with age may be attributed to the 
natural function of mastication. Because of the close positive associa- 
tion between age and years in principal occupation, it is assumed that 
differences shown in table 45 will take into account the age factor as 
well as the experience factor. 

It is observed that the total percentages of persons having attrition 
for the four occupational groups increase as follows: Coremakers, 12.6 
percent; miscellaneous group, 14.2 percent; cleaners and finishers, 24.7 
percent; and molders 27.4 percent. With regard to the number of years 
in the principal occupation, there is an increase in the rate of persons 
having attrition for each of the four occupational categories, and it will 
be observed that this rate of increase differs for the different occupa- 
tional groups. For the coremakers, for whose occupation the dust con- 
centration was known to be the lowest, the incidence of attrition was 
found to be 5.7, 16.1, and 21.3 percent for groups with O-9, 10-19, and 
20 years and over, respectively, in their principal occupation. On the 
other hand, for the cleaners and finishers and the molders, for whose 
occupations the dust concentration was found to be higher, a more 
rapid increase in the percent of persons affected with attrition was 
observed. The corresponding experience group percentages for the 
cleaners and finishers are 12.3, 47.0, and 66.7 percent; and for the 
molders, 7.8, 20.7, and 62.8 percent. Figure 23 graphically shows the 
increase in the percent of persons affected with attrition for the four 
stated occupational groups by number of years in such occupation. 

It will be observed that, for all the four groups exposed 0-9 years in 
their principal occupations, the differences in the percent of persons 
with attrition are relatively not great. For workers exposed between 
10 and 19 years, the cleaners and finishers show a marked increase 
over the molders, coremakers, and miscellanoous group in the percent 
of persons so affected. For exposures of 20 years and over, the 
incidence among molders increases more rapidly than among the other 
groups and approximates that experienced by the cleaners and 
finishers; little change in incidence is noted for coremakers. It is 
interesting to note that the miscellaneous group of employees, who 
work for different intervals in various parts of the plant, where they 
are subject to both high and low dust concentrations, experience attri- 
tion of a degree closely paralleling that which was found for all occupa- 
tional categories combined. Thus, it may be stated that the abrasive 
dusts in the atmosphere, to which the foundry workers were exposed, 
accentuated the wearing away of tooth surfaces and that the attrition 
varied directly with the concentration of the abrasive dust in the 
atmosphere and the duration of such exposure. The upper and lower 
anterior teeth were most often affected, and in some cases as much as 
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one-third to two-thirds of the clinical crown of both anterior and 
posterior teeth was involved. There was no evidence of an increase of 
sensitivity due to the loss of tooth structure. No teeth were observed 
in which the pulp was exposed as a result of attrition. As is shown in 
figure 24, secondary dentine formation compensates for the loss of 
tooth structure, thus preventing pulp exposure. 








Figure 24.—Severe attrition and evidence of deposition of secondary 
dentine observed in a 53-year-old white male foundry worker whose 
principal occupation for 23 years was molder. 


Garlic-like 3 Breath 


Small amounts of tellurium are sometimes added to molten iron. 
During the process some of the tellurium is volatilized into the 
atmosphere. Persons inhaling air containing a sufficiently high con- 
centration of this element for a reasonable length of time have been 
reported to present the following symptoms: garlic odor of the breath, 
dryness of the mouth, metallic taste, somnolence, loss of appetite, 
garlic odor, and partial suppression of the sweat (171). 

In one of the plants studied it was noted that 63.4 percent of the 
workers had a garlic-like odor of the breath. A consultation with the 
plant manager revealed that, in special cases, tellurium was added 
to molten iron; the last such occasion had been 30 days prior to the 
clinical study. Since tellurium was not being used at the time of the 
study, data relative to its atmospheric concentration were not avail- 
able. With the exception of garlic breath, symptoms sometimes associ- 
ated with this exposure were not observed. 
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Summary of Medical Studies 


From the 16 ferrous foundries, employing about 2,000 persons 1,937 
males were medically examined. 

The adequacy of the sample from the points of view of age distribu- 
tion, years spent in foundry work, and occupational distribution was 
believed to be satisfactory. Of the group, 69 percent were white 
persons, and 31 percent, nonwhite. 

The limited examination of the eyes and their functioning revealed 
no abnormalities which could be attributed to the occupation. 

Skin disease, probably of occupational origin, was present in 1.7 
percent of the foundrymen. 

Significantly elevated blood pressure levels were related to increas- 
ing degrees of pulmonary fibrosis. 

Neither the cardiac nor renal findings were remarkable in this study. 

Positive serological tests for syphilis were found in 2.1 percent of 
the white and 10.3 percent of nonwhite foundrymen. 

For the entire group of workers studied, total leucocyte count, 
hematocrit, and erythrocyte sedimentation rate were not at variance 
with comparable industrial groups. The erythrocyte counts and hemo- 
globin estimations appeared to be lower than those of open-hearth 
steelworkers. These latter observations did not appear to have an 
association with occupation. 

Vital capacity estimations showed a correlation with age and no 
correlation with degree of pulmonary fibrosis. 

Reinfection type of pulmonary tuberculosis, considering both active 
and inactive to the degree that such was determinable from the limited 
nature of the medical examination, was found in 0.7 percent of white 
workers, and in 1.7 percent of the nonwhite workers. These percentages 
appeared to be similar to those of other studies of adults of both sexes 
made recently in the area in which the present study was performed. 

Significant pulmonary fibrosis of occupational origin, as determined 
by roentgenogram and the historical and clinical data, was found in 
9.2 percent of the foundrymen; in 7.7 percent it was ground glass two 
stage and in 1.5 percent, nodular in type. Of the instances of pul- 
monary nodular fibrosis, 1.3 percent of all the foundrymen were in 
stage one; 0.15 percent, in stage two; and 0.05 percent, in stage three. 

To the limited degree that the pulmonary effects of iron and its com- 
pounds were evaluated, it was felt that they did not appear to play a 
significant role in this study. 

The instances of nodular pulmonary fibrosis occurred with about 
equal frequency in the steel and gray iron foundrymen. In general, it 
required 14 or more years of exposure to develop nodular silicosis in 
the ferrous foundry industry. Symptoms were of minor significance in 
the instances of nodular pulmonary fibrosis observed in this study. 
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Nodular pulmonary fibrosis occurred predominantly among the 
molders in the gray iron foundrymen group and among the cleaning 
and finishing workers in the steel foundrymen group. 

Although previous levels of dustiness in the foundry industry prob- 
ably were of significance in the occurrence of pulmonary fibrosis as 
observed in this study, evidence is adduced to indicate that exposure 
in other dusty trades, prior to the worker’s entry into foundry work, 
had very little if any bearing on such pulmonary fibrosis. 

Increasing degrees of pulmonary fibrosis were associated with 
increasing speed of erythrocyte sedimentation and with progressively 
increasing total leucocyte counts. No association existed between 
degrees of pulmonary fibrosis and erythrocyte count, hematocrit 
values, hemoglobin estimation, mean corpuscular volume, mean cor- 
puscular hemoglobin, and mean corpuscular hemoglobin concentration. 

Dental status in terms of decayed, missing, and filled teeth of the 
white foundry workers was observed to be similar to that of other 
industrial workers studied. 

Data concerning selected abnormalities of the soft tissues and sup- 
porting structures are presented. 

The abrasive dusts in the atmosphere of the foundry accentuated 
the wearing away of tooth surfaces. 
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